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INTRODUCTION AND SUMMARY 


This report is a general summary of pertinent data on the manufacture and use 
of synthetic ammonia products. It provides a condensed summary of the potentiali- 
ties of a synthetic ammonia industry in North Dakota for Federal, State, and private 
organizations that may be interested in helping to develop an integrated synthetic 
ammonia and fertilizer industry. The report contains discussions of: (1) Materials 
used in the manufacture of nitrogenous fertilizers, nitric acid, and urea; (2) 
National production, imports, exports, and consumption; (3) the ammonia industry, 
location, capacity of plants; (4) processes used in manufacturing synthetic ammonia, 
nitric acid, and urea; (5) other potential industries; and (6) analyses of manufac- 
turing and plant costs. Additional information on industrial compounds from ammonia 
and plant nutrients removed by crops is given in Appendixes 1 and 2. 


Synthetic ammonia is one of the primary ingredients in fertilizers. Resources 
required in synthetic ammonia manufacture are available in North Dakota. Hydrogen 
is available from the petroleum and natural gas resources, particularly in the 
Williston Basin, and from the large lignite resources in the State. Hydrogen can 
be produced from lignite by a gasification process developed by the Bureau of Mines 
at Grand Forks, N. Dak. 


It is estimated that the market demand and market area for a plantsite at Bis- 
marck, N. Dak., would be adequate to sustain a 120-ton-per-day synthetic ammonia 
plant. 


In addition to ammonia fertilizers, the plant could be integrated to produce 
nitric acid, explosives, and urea. Possibilities exist for developing markets for 
these latter products manufactured at a plantsite at Bismarck, N. Dak. 


Preservation of soil fertility is an aspect of National conservation that is 
vital to agriculture. The uncontrolled exploitation of this resource, without re- 
placing plant nutrients, could eventually lead to National bankruptcy. 


The demands for ammonia appear to be pyramiding. The real question 
is whether or not there will be enough even when the industry meets the 
projected DPA goal. One of the basic reasons for the tremendous demand 
for ammonia is supplying the needed nitrogen in fertilizers. Fertilizer 
consumption has been growing constantly and future requirements will rep- 
resent tremendous increases. Estimates of United States consumption of 
nitrogen as plant nutrient in 1955 are 2,300,000 tons. The growth is 
due to the fact that only recently has the farmer begun to realize the 
benefits that can be derived from the increased use of fertilizer. 
Department of Agriculture expects the biggest increases in fertilizer use 
will come from forage crops and grains, which now receive little or no 


Google 


fertilizer. Increased irrigation will make available more arable 
land and thus increase fertilizer use. To feed the 200 million 

U. S. population anticipated by 1975, vast increases in the use 

of fertilizer will be required. Sherman E. Johnson of the Depart- 
ment of Agriculture recently expressed himself on the fertilizer 
situation, "most farmers today are not using fertilizer at the most 
profitable rates under present conditions." In his opinion, most 
of them could use more fertilizer and increase their profits even 
in the face of somewhat lower prices. 
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PROCESS REQUIREMENTS AND RESOURCES 


Process requirements for the manufacture of chemical nitrogen products are few 
in number. A source of nitrogen is necessary; this is available in huge quantities 
from the atmosphere, which, by volume, contains 79 percent of this element. Hydro- 
gen, the other principal component of ammonia, is readily available from water gas, 
producer gas, coke oven gas, catalytic conversion of natural gas, and the electrol- 
ysis of water. The largest source of hydrogen is the catalytic conversion of nat- 
ural gas using metallic nickel as the catalyst. This process accounts for about 70 
percent of the hydrogen used in the manufacture of synthetic ammonia. 


The primary product of a chemical nitrogen plant is ammonia, which is a raw 
material for the preparation of other nitrogenous compounds. Carbon dioxide, a 
waste product in the production of hydrogen, may be combined with ammonia to produce 
urea. An ammonia plant produces nitric acid by oxidizing the ammonia. Ammonia re- 
acted with nitric acid yields ammonium nitrate, 


2/ Chemical and Engineering News, CCDA Official Reviews Markets for Three DPA-Goal 


chemicals: Vol. 31, Mar. 30, 1953, p. 1318. 
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Large quantities of water are necessary in the various processes. In a large 
plant producing 570 tons of ammonia per day, 133 million gallons of water are cir- 
culating throughout the plant, with a daily use of about 4,297,000 gallons as 
process water. 


About 1,500 kilowatt hours is used in manufacturing 1 ton of ammonia. Power is 
required for compressors, pumps, and other plant equipment. In plants in areas 
where natural gas is cheap, power for operation is furnished by large natural gas 
engines. 


The process requirements for manufacturing various chemical nitrogen compounds 
are listed in table 1. These requirements were calculated from published data on 
the operation of the Lion Oil Co. chemical plant at El Dorado, Ark. This is one of 
the largest integrated fertilizer manufacturing plants in the country. Figures l 
and 2 give an idea of the magnitude of a plant producing 570 tons of ammonia per day. 


The raw materials reserve for the manufacture of synthetic ammonia is virtually 
inexhaustible; the primary raw materials being atmospheric nitrogen, natural gas, 
coal, and water. 


Nitrogen is the predominant element of the air, forming approximately 
four-fifths of it by volume. It has been estimated that the earth's atmos- 
phere contains 4,000,000,000,000,000 tons of nitrogen and Bates states that 
the air over each square mile of the earth's surface carries 20,000,000 tons 
of nitrogen, a quantity sufficient to last the world for about five years at 
the present rate of consumption. When the surficial area of the globe, 
196,950,000 square a » is considered, the magnitude of the enormous supply 
can be appreciated. 


The commercial production of natural gas in North Dakota comes from wells in 
the southeastern extension of the Cedar Creek field of Montana. The wells are near 
the Montana-North Dakota boundary in southwestern Bowman County, N. Dak. The gas 
enters the Montana-Dakota Utilities Co. pipeline system that supplies parts of the 
Dakotas and eastern Montana. The present unobligated production from these wells is 
not adequate for a minimum 120-ton-per-day ammonia plant. 


The production of commercial natural gas in North Dakota, number of wells 
drilled, and in production is given in table 2. 


The average value of natural gas at the well during 1949 was 5.2 cents per 
thousand cubic feet, The average cost to industrial users was 45.3 cents per M 
cubic feet. In 1949 534,000,000, cubic feet of natural gas was exported from North 
Dakota to users in other States 4 


Large quantities of natural gas are at present being wasted in the new Willis- 
ton Basin oil fields. In the future, as pipelines and refinery facilities are 
built, this gas will be available to markets. The amount of natural gas in this 
field is unknown. An estimate of the minimum amount of natural gas that can be ex- 
pected to be available may be indicated by the fact that the Signal Oil and Gas Co. 
is building a natural gas processing plant near Tioga, N. Dak., reportedly of 
40,000 ,000-cubic feet-per-day capacity. This plant will be supplied by the Beaver 
Lodge and Tioga oil fields. 


Johnson, B. L., Nitrogen and Its Compounds: Bureau of Mines Inf. Circ. 6305, 
1931, p. 2. 
4/ Colby, D. S., Barton, H. J., Oppegard, B. E., Natural Gas: Bureau of Mines, 
Minerals Yearbook preprint chapter, 1950, p. 23. 
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TABLE 1. - Process requirements annually at 1950 rate of national Er of 
ammonia, nitric acid, ammonium sulfate, and ammonium nitra 
Annual tons} Process requirements 
Product Process requirements per ton 1950 per year 


Sulphuric | Water (process) .....seece+ee33> Gal. 517,742,500 gal. 
acid Water (cooling) ...cccccescseell? gal. 180 , 823,500 gal. 
98 percent] Sulfur... .ccccccccccccccseses 000 lb. 525,470 tons 
RAY. < aceig ends eden nie eee e005 OOO-CUstt. 131, 367,500 M cu.ft. 
Catalyst (vanadium pentoxide) (3) 
POWEF so ececcccccccecseeee30 kwe-hr.2/ 46,365,000 kw.-hr. 
Ammonium Sulphuric acid.....eeseeeel,500 lb. | 1,968,737 1,545,500 tons 
sulfate Water (process) ..ceccceceeeclld gal. 226,405,000 gal. 
Water (cooling).....cecsece. SO gal. 157,499,000 gal. 
Anhydrous ammonia......eeee. 520 lb 517,800 tons 
POWEF. cc cccccccccccc ees elO ceo) 51,187,162 kw.-hr. 
Ammonium | Nitric acid...sssseeceeeeeel, O42 1b. | 1,213,911 1,118,000 1b. 
nitrate AMMON Oy ois esas set oeak ects 909 IDs 600,280 tons 
Water (process).e..eeee- 7,500 gal. 9,104, 332,500 gal. 
Clay conditioner....seeeseeee LOO Ib. 97,112 tons 
POWEL sees ceccccccccccceess40 kw.-hr. 48,556,440 kw.-hr. 
Anhydrops Natural gas (process)..21,000 cu.ft. | 1,565,569 26, 301,555 M cu.ft. 
ammoniat/ | Air..sccssceccececceees31,000 cu.ft. 38,826,105 M cu.ft. 
Water (process) ......ee.- 3,208 gal. 4 118,072,040 gal. 
Water (cooling) .......++- 1,590 gal. 1,991,403,450 gal. 
CORE si cuwiiS osweasieeaeewe ee we 5 CODE 939,340 tons 
POWEY cc ccccceccccccee 1,500 kw.-hr,. 2, 348, 353,500 kw.-hr. 
Catalyst (metallic nickel) (3) 
Catalyst (metallic iron) (3) 
Nitric Natural gas (fuel)..... 4,066 cu.ft. 6,091,420 M cu.ft. 
acid ALY i oavalose teed coeta esol s000 Cuctts 196,255,816 M cu.ft. 
57 percent | Water (process).....ecseee- 135 gal. 2,248,360 gal. 


Water (cooling)......+se. 1,160 gal. 
Anhydrous ammonia........ 600 lb. 9,440 tons 
Catalyst (platinum rhodium)0.012 oz 17,977 oz. 
POWErsseecceesees 360 kw.-br.e/ 539,328,960 kw.-hr. 


Resen, F. L., Lion Chemical Produces 1,200 tons of Petro-Chemicals From Natural 
Gas: Oil and Gas Jour., vol. 50, June 1951, p. 77. 

Electrical World, vol. 136, Aug. 27, 1951, p. 120. 

No figure published, 

Process requirements calculated on basis of 80 percent production by natural ges 
reforming and 20 percent by coke gasification. 


1,737, 837, 760 gal. 
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Figure 2, - Primary reform furnaces, Lion Oil Co. ammonia plant, El Dorado, Ark. 
(Photograph by Edward M. Payne, courtesy of Lion Oil Co.) 
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TABLE 2. - Production of Commercial Natural 
Gas in North Dakota 


Production, 
cubic feet 


1929 21,518,000 
1930-37 None 
1938 78,005,000 
1939 77,676,000 
1940 None 
1941 116,165,000 
1942 121,055,000 
1943 177 ,067 ,000 
194.4 200 , 105,000. 
1945 216,773,000 
1946 313,930,000 
1947 442,213,000 
1948 642,687,000 
1949 528 ,548 ,000 
1950 608 ,021,608 
463,000,000 
2 


Note: Production figures compiled by North Dakota 
Research Foundation. 


Lignite deposits of North Dakota amount to approximately 16 percent of the coal 
resources of the United States. Recent estimates of the Federal Geological Survey 
indicate recoverable reserves of 175 billion tons of lignite in North Dakota .2/ 


Lignite is characterized by a high moisture content, averaging about 37 percent; 
a heating value of approximately 6,800 B.t.u. per pound; a moderate ash content of 
about 6 to 7 percent; and a sulfur content, averaging approximately 0.6 of 1 percent. 


The water supply in the streams throughout the region of the coal resources of 
North Dakota varies greatly. Figure 3 indicates the water resources of North Dakota 
with relation to the coal-producing areas. 


USES OF AMMONIA 


The main use for ammonia is for fertilizer manufacture in the form of ammonium 
nitrate, ammonium sulfate, ammoniated super-phosphates, and urea. It serves as a 
raw material for manufacturing nitric acid, which is transformed into sodium nitrate 
or ammonium nitrate. Anhydrous ammonia is also an important refrigerating agent, 
because of its low cost and high thermodynamic efficiency. Other uses for ammonia 
are as a water purification agent and as a nitriding agent for steel. 


Anhydrous ammonia and aqua ammonia are applied directly to the soil as a ferti- 


lizer. In the 1951-52 agricultural year, 204,000 tons of ammonia were applied in 
this manner. 


Brant, R. A., Lignite Resources of North Dakota: Geol. Survey Circ. 226, 1953, 
p. 8 
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Source: Ford, Bacon & Dovis , The Synthetic Liquid Fuel Potential 
August !0,195! Of North Dakoto And South Deokote 
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Figure 3. - Water resources of North Dakota in relation to coal-producing areas. 
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Nitric acid is an important intermediary chemical in the production of other 
substances. It is used in the nitration of various organic compounds. The nitra- 
tion of the hydrocarbons resulting from the destructive distillation of coal tar 
(benzene, napthalene, and anthracene) yields the bases for a wide assortment of 
dyes. Nitrobenzene is a basic chemical in the aniline dye industry. The nitrated 
products of the benzene series (benzene, toluene, and phenol) also furnish important 
explosives, such as trinitrobenzene, trinitrotoluene (TNT), and picric acid. The 
nitration of cellulose yields nitrocellulose, which is used in making smokeless 
powders, gelatin dynamites, collodion, rayon, lacquers, enamels, varnishes, and 
bronzing liquids. The nitration of glycerin yields nitroglycerin, the base for or- 
dinary dynamite. 


Ammonium sulfate is used as a fertilizer and for fireproofing fabrics. 


Urea is used as an animal feed; it is also a highly concentrated nitrogen fer- 
tilizer. Urea also is used in the manufacture of important plastics, such as urea- 
formaldehyde and urea-furfural resins, and in plastic wood. Dimethylol urea is used 
in transmuted wood. 


NATIONAL PRODUCTION 


Synthetic Ammonia 


The United States is the largest producer and consumer of nitrogen compounds in 
the world. Since its beginning in 1921, the chemical nitrogen industry in the 
United States has become a giant with a proposed annual production of 2,900,000 tons. 


Between 1921 and 1931, 11 synthetic ammonia plants were built in the United 
States. One plant was abandoned later; but in 1934 the combined production capacity 
of the other 10 was 344,000 tons of nitrogen annually. This capacity remained the 
same until the beginning of World War II. 


In the spring of 1940, a new era of development of synthetic ammonia facilities 
began. Most of the old plants were enlarged and 10 new ones were built. This de- 
velopment occurred in the 3 years from 1941 to 1943, inclusive. 


After World War II, the synthetic ammonia plants built by the Government during 
the war years with the exception of the Muscle Shoals plant, Ala., were sold or 
leased to private operators. In many cases they were the same companies that oper- 
ated the plants for the Government during the war. 


A new era of construction of synthetic ammonia plants began after World War II. 
The proposed expansion to be completed by 1955 is expected to increase the annual 
capacity of the United States to fix atmospheric nitrogen to 2,930,000 tons. A list 
of these proposed plants is given in table 3. To facilitate the proposed expansion, 
and to make more attractive the investment of capital in these plants, the Govern- 
ment has provided for accelerated amortization with tax benefits. 


Production of nitrogen compounds is increasing each year as new plants enter 
production. Statistics of recent production are given in table 4. 
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TABLE 4. - Principal nitrogen compounds produced in the 
United States, 1943-50, in short cone) 


Com ove) busters} 


Ammonia (NH 


Syathetic pisntes 
Anhydrous ammonia....ccccccccesesees 


Byproduct coking plants 


(NH3 content): 
Aqua ammonia... ..scccccveces ae 
Ammonium sulfate...cccccccccccsvecs 


Total. QmMOn1e bcc 6 ces 6 6.8 bis ee ees 


Ammonium sulfate: 


pynthetic plantsS....cccsccceceses 
Byproduct coking plants...... wees 
POU Als voice re bis 0s ware ie eae ee eae 
Ammonium nitrate, basis solution 
100 percent NH), NO3 eevee 08e 00 eoeeee 
Compounds 


Ammonia (NH): 


Synthetic plants: 
Anhydrous ammonia....cccccccsccces 


Byproduct coking plants 


(NH content): 

Aqua ammonia....... sew Pelee 446 esres 
Ammonium sulfate.cccccccccseses as 
NH3 equivalent all forms......... ° 


TOCA. QMMON Lass 286s wh eS SS 


Ammonium sulfate: 


PYNCNECIC: PLANUS 6.04.00 sde ee wo eierels 


Byproduct coking plantsS.....c.ceces 


Total...e. Sahae aera owe eb ee se 


Ammonium nitrate, basis solution 


1 


100 percent NH) NO., ere ere eee 


Bureau of Mines Minerals Yearbook 
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543, 804 


34,106 
190 , 317 
22k 423 


992 ,650 


65,000 
761,270 


1,114,000 


25,718 
202, 360 


1,342,078 


195 , 848 
809 , 440 


1,086, 869 


543,651 


31,605 
204,561 
236, 226 


1,016,043 


88 , 000 
818, aby 


1,089,786 


2h 753 
207,671 


1,322,210 


264,476 
830 ,683 


988, 342 


548,655 
27 ,607 
191,073 


767 , 335 


764 , 293 


1,294,057 


22,750 
189, 202 


1,506,009 


846,195 
756, 807 


1,018,706 
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1946 


725 937 


24,991 
160 ,938 


911,466 
156 ,653 


643,752 


724 , 899 


1,565,569 


23, 387 
207 , 754 


1,796,710 
1,137,7el 
831,016 


1,968,737 


1,213,911 
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Byproduct Ammonia 


Preduction of byproduct ammonia depends on the production of coke. The largest 
commercial user of coke is the steel industry. In years of large steel production a 
large quantity of byproduct ammonium sulfate is produced. The average yield of an- 
monium sulfate per ton of coal charged to the coke oven is 20 pounds. Eighty-one 
plants in 21 States produced 251,141 tons of byproduct ammonia in 1950. 


Nitric Acid 


Production of nitric acid has been steadily increasing since 1935. In 1935, 
the total production was 96,109 tons. Present production is 16 times this amount. 
In 1951 a production of 1,512,609 tons was achieved. There are 28 nitric acid 
plants in the country. Nitric acid plants are, in most cases, integrated with syn- 
thetic ammonia plants. The 10 synthetic ammonia plants built by the Government dur- 
ing World War II have integrated nitric acid plants. Statistics on the production 
of nitric acid in the United States, since 1935, are given in table 5. 


TABLE 5. - Production of nitric acid in the United States, 


1935-524/ 
Year (Short tons || Year ~~_+i| Short tons 
1935 ee@eeeoee30aeee@eseeeecsceeedsee? eeeoeeoeeoeoeee4aeevee@eee@eseoeseoe ses @ 1,190,060 
1937 eeeeeeeneeneoevreesnevevoeeeee eeeoeeoeeoeeeeoeeos eeeveee & 1,129,521 
1939 eeeenevvervesveoeeeveoev eee eee eevoeeevneveeeeveoveoeeeenesen 1,335,718 
1941 eeeee4aueoqce@eeesese69<a@eeesees8e?se es : @eeeee4aeeeeeesvseeenweeoeseseevneet 0 @ 1,512,609 


1943 eeseeeceoenevevveeseeoveeneev eee eeesneveevseeevneeoeneneeeve @ 2,053, 77 
TOUS) rrararsri arate eaten ars Sewers ees 


1/ Preliminary, Bureau of Census, Facts for Industry Series M-19A 
CONSUMPTION, PRICES, IMPORTS, AND EXPORTS 


Domestic utilization of chemical nitrogen may be classified as in fertilizers, 
in industry (other than explosives), and in explosives. 


Fertilizers 


The major use of synthetic ammonia in the United States is in the manufacture 
of fertilizers. About 60 percent of the annual synthetic ammonia production is used 
for this purpose. The use of nitrogen fertilizer has increased more than three-fold 
during the last decade. New nitrogen plants are being planned or are under construc- 
tion to meet the continuing growing demand for this type of fertilizer. 


Sales of nitrogen fertilizer in 1910 were more than twice as great as in 1900, 
and in 1920 were nearly 60 percent higher than in 1910. Consumption increased each 
year until 1930, after a drop during 1930-32, consumption increased gradually wntil 
the beginning of World War II. A shortage of nitrogen developed in 1942, owing to 
the increased demand for it in the manufacture of munitions. In spite of these war 
demands, however, the consumption of nitrogen as a fertilizer continued to increase 
rapidly. An all time record of 1,238,234 tons of nitrogen for fertilizer use was 
established in 1951, table 6. The 1930 figures may be taken as the last normal 
figures before the depression and the 1935-39 average as about normal for the pre- 
war period. 


Google 
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TABLE 6. - Apparent consumption of fertilizer nitrogen for United States 
agriculture, in short tons, 1930-522/ 2/3) 


Tons 
1930 ‘ns. dietrb se Gena deeteen TON 3. comansaseadeaekaeas 44S ,000 
NOS bie Wie erase wee oe ee VOUD: oh sus cade octe hes aacd as 379 ,000 
TO Se. sao ecaetane avec wiwrsie geaecne- esseaty VOWS - co. 5a: sei eiwc och aissuasterece Biebye% 497 ,000 
NOS YS se serdckschie scant ccarearw a avers cces VOM ack: cieacdad tice eta cas 618,000 
NS sore Sorptana tea harara Ga siaiatars 1945 sssdtcsateaseuescianee.| 666,000 
13D was eS here eusetee e ee ows VOUG? decie seinen cee eaeeues 734,000 
NO 3 Orca cee cateana se aiemiaas IGE: Sic ciweecrewesecasae | “Cer she 
19ST cuca ehoeesesweeeebeas TONG cae Seas See meawes 856,719 
1930! 5554s cccnlnc eae saios DOUG ca ioe wid cues edie aia 919,946 
32 1c \° ae ae Oe eer gore nee ere 1950 asics cise sinetiwacn sexe. 140055000 
ONO caine 2a rateeaciae eee Se 195 1: ciiieslahuateewk ceteee ew 2kses0.eoe 


1952 veccccesecccceeeesces | 1,350,0004/ 


Includes Hawaii, Puerto Rico, and Government distributed fertilizer. 

Data 1930-35, inclusive, Chemical Nitrogen; U. S. Tariff Comm. Rept. No. 114, 
2d Sec. p. 188, 1937. 

Mehring, A. L., and Clark, K. G., Production, Consumption, Foreign Trade of 
Plant Food in U. S: Agr. Chem., vol. 6, February 1951, p. 38. 

Estimated. 


aed Lae 


— 


Indust other than explosives 


About 30 percent of the total synthetic ammonia production is consumed by in- 
dustries other than the explosives industry. The largest consumers are: Plastics, 
textiles, industrial chemicals, the petroleum industry, and refrigeration. End-use 
patterns of synthetic ammonia for 1941 and estimates for 1949 are given in table 7. 
Increased output of plastics and synthetic textiles will increase the use of ammonia 
in these industries. 


Explosives 


Except during war years, about 10 percent of the synthetic ammonia production 
is consumed in explosives, Consumption during wartime has been directed, to a large 
extent, into the manufacture of nitric acid for use in the manufacture of military 
explosives, such as gun cotton, TNT, and ammonium nitrate. The explosives used for 
peace-time purposes, the industrial explosives, are chiefly dynamite, black powder, 
and mixed explosives, such as the ammonium nitrate mixtures. 


Prices 


Although nitrogenous compounds are valued, in most cases, for the nitrogen they 
contain, they are not sold on the basis of their nitrogen content. In the United 
States there are no officially recognized quotations. The quotations that appear 
in trade journals are designed to represent spot prices in principal markets. Large 
consumers buy directly from chemical plants on contract. Contract prices are, in 
general, lower than quoted spot prices. The average annual prices of the principal 
nitrogen compounds since the beginning of the present century are given in table 8. 
The price of nitric acid, 42° B., has remained constant at 6.5 cents per pound since 


1929. 
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TABLE 7. - Synthetic ammonia end-use pattern, short tons/ 


Industrials: 
Industrial eCxplosives 2s sie 06 6e ds 666d 466 Sw alee 120 ,000 
BOGE: (B6 Nia eerste WOR eee A See Bae Pewee eweebes 3,000 
Sulfuric and nitric acidS.cccccccsccccccaccccecs 5& ,000 
Petro leuti- rer ni ne 2.c.s ssiadeseasea 4S baw aie eels Sones 13,000 
Rei Fiery at 160 As 6.isases Ske ta weet eee Sees Ce eewawe 18,000 
Fermentation (yeast, etc.) c.ccccccccccccccccecce 3,000 
Metallurgy (nitriding, etc.) .ccccecccccccccccecs 13,000 
Textiles (rayon, nylon, etc.) ...cccccccccccccces 31,000 
Rubber (accelerators) ..ccccccecccccccccccseccece 2,000 
Plastics, resins, finishes....cccccccccccccsvece 90 , 000 
Dyes and intermediates... ccc cccccccccccccccccecs 20 ,000 
Pigments and dry colors... .cccccccccccccvccccces 3,000 
y\invritoye V1 Met: | cy - A ae 20 ,000 
Nitrates and. nitrites <5. 60 ocau ewe the eeead aes 25 ,000 
Amines, amides, cyanamides....ccccccccccccccvecs 35 ,000 
Water treatment. ccccccccccscecccccessccccscsecces 20 ,000 
Other industrial uS8eB...cccccccccccccccscceccves 18,000 
Sub COld lak <eswacewuwe ben we eauesee see se wearer be 500 ,000 
Less conversion losses (7%) .eccssccccccccceces 000 
Total, AMAUGEHIGlwawt dies anise beecawsaone se 465 ,000 

Fertilizer: 
Fertilizer solutions and ammoniation......eseees 316 ,000 
Sods tim 1 PaCS os. o5 wos wee Wis eee wba os eee ena aie 42,500 
Ammonium nitrate. ..c.cccccccccsccccccesscececcces 158 ,000 
Anmmons UM BUl PALE <.6:i:45.8 65 Ws.o sae wie w eee wae wie ees 69 , 300 
Direct Epp lt Cat fOne cio0cts send 6Gweskeseerad wears 54 , 700 
Ammonium phosphate - Uramon-cal-nitro....cccccees 62,000 
Sub 0004 looks bowers see sees wwe en eu aues 02 , 500 
Grand total (industrial and fertilizer) ...csccesee 441,700 1,167,500 


1/ Cope, W. C., Ammonia: Part II Cost of Production and End-Use Pattern: Chen. 
Ind., vol. 65, No. 1, July 1949, pp. 53-56. 
2/ Estimated. 


Imports and Exports 


The United States is both a large importer and exporter of nitrogen compounds. 
Large amounts of natural sodium nitrate from Chile enter the United States each year, 
the quantity greatly exceeding the import tonnage of any nitrogenous material. 
Domestic demand for Chilean sodium nitrate as indicated by the imports (see table 9) 
has declined since 1948; but has not yet reached the levels of 1946-47. The value 
of these imports dropped in 1950 to $22,387,123. The major exporter of nitrogenous 
compounds to the United States is Chile. Statistics regarding the export-import 
trade of the United States in nitrogen compounds are given in table 9. 


Google 
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TABLE 8. - Average wholesale prices per wmit of 20 pounds of nitrogen in various 
materials at produci oints or ports in bulk carload lots2/2/ 


Year sulfate ammonia cyanamide average 42 percent Sreantcas/ 


1900 : $2.57 
1905 ; 2.88 
1910 : 3.63 
1915 . 3.54 
1920 To 8.71 
1925 2. 4 88 
1926 2, : 62 
1927 2, ; 5 25 
1928 2, ; 6.13 
1929 2. : : 5.22 
1930 1. : ; 4. 50 
1931 L; : 1. 2.90 
1932 i 2, l. 1.83 
1933 pe ae Dice 2 64 
1934 he ne 9 ie 3.41 
1935 pi ye 2 A 3.38 
1936 io 1. l. 3.52 
1937 se Lg ie 1. h 4g 
1938 1. 1 1; 1, 3.52 
1939 1. 1. 1; 1. 3.72 
1940 Te 1s 1: 1. 3.55 
1941 l. 1. l. l. h 05 
1942 1.43 1. 1 LZ 4.70 
1943 1.42 Lg as aan 4 82 
1944 1.42 ; 1s 1. 4 82 
1945 1.42 1. 1 4 85 
1946 1 dy leg ls 7.11 
1947 1.60 1 qe 9.71 
1948 2.03 2, 1. 8.93 
1949 2.29 2, 1. 8.45 
1950 1.99 2% I 8.60 
1951 1.83 2, 1. 4.10 
1952 1.90 3. 1. 4.90 
1953 2.09 3. Le 5.00 
(1st month) 


1/ Mehring, A. L., and Bennett, C. A., Price Relationships of Certain Nitrogen 
Fertilizer Materials: Agr. Chem., vol. 6, February 1951, p. 49. 
2/ Computed largely from published quotations in Oil, Paint and Drug Reporter. 
FY Nitrogen solutions and urea - ammonia liquor. 
1900-32, inclusive, fish scrap, animal tankage, dried blood, cotton seed meal. 
1933-53 Castor pomace, process tankage, fish scrap, cotton seed meal and 
animal tankage. 


Google 


16 


29g ‘ze 
€9E ‘TH 
cge‘6T9 
69T ‘26 


oh Sk Sek 9 
c0e ‘OT 


604 ‘02 
QTO‘*gT9 
Od 


of9 ‘€2 
G2l.‘L6 
TEE S trh 
eL SahT 
G69‘ LOT 
662 ‘I22 


€2G‘T 


OSG6T 


€16 ‘601 


HOE 6S 
40S ‘9TT 
T9L ‘6 
£99 ‘SOT 
922 ‘ROT 
HTE SOOT 


Lon‘6 
O00 ETL 


9T9‘2TT 
999 ‘TOT 
G 

929 ‘EOT 
€+6 ‘16 
LTE 


*s*a°U STeT1ageM TeoTWayD snouaZo1zTN UT pepntoul /Z 


*yooqisaxt s[eieuTW_ ‘sautW JO neammg (/T 


@eeeeeeseseesec0e90ee0ueose#se#eesensveee @ 24813TU mmyposg 
*s °acu “ST8T19yeM [TeoTMeYyD snouszZ0I1WIN 
e@eeeseeeoeeeseeeoeseseeeeeoeseee 8 948J TNS mn yt uouniy 
@®eeeeoeaoaeeeseeseseseeoeeseseee ®e 39948137 TU mm} Uuomuy 


»STBTilazew LeZzT [TT Vog 


ee a ee ee ee ae eee’ BTUOMmG enby 


coeeceeee*’54gBeiztU mmyTuomny 
eoveeees*s oTuOMmmAe snozrpAquy 
:s[TBoTMsYyo [BT1ysnpul 
8 7.10dxy 


°*°394814TU Un}tssejod-umtpos 
coceoceoeoeeeonarqyu mMMNyTpos 
**apnio 6a4eI4TU UnNTsseyog 


Scetniece eens Ted *-o*'T ‘sTey1e7eu snousz014 FN 


eoeeeeoe*optTmeuetlo UNFOTBD 
eereceeere*a4BIqyyU UIMFoOTeO 


SONG BES OES SES 8 Ae O88 8 Se OA TING Mm TuouMly 
#99 9069 06 8 8'e-9' 89 69% #959 Bud Oud mm Fuoumy 
i Re a ade ag ada Po) 90 ca Ba 
aiow IO qUueoted og Butute yuo) 
ROE SONS BOS OSE Be eee mreet ee @ ST AO 74 TU 


quaoled og uByy sseT Bupyuytequog 


28aIn}xTW 34BI4TU umyUCUMy 
2STByIa4eM Jaz [Tt plag 


PORE RM eS OS POA Oe S87 e 8 TOU snoirpéyuy 
a a Ra Baa a aH 2 ly wD Un fUomy 


sSTBoOfMayo [Tet.1ysnpul 
2s 710duy 


spunoduo,;) 


89489S peytun eu} WoIs peyrodxa pue pazrodmy spunodmoo weso0r4Tu IOfeW - °6 TIEVL 


oogle 


G 


17 


ADEQUACY OF PRODUCTION 


Nationally 


At present, the United States is undergoing a period of expansion of its chemi- 
cal nitrogen production. 


In response to questions by NPA as to whether the present 2,930,000-ton nitro- 
gen production goal set for 1955 is sufficient to meet requirements in all areas, 
individual members of the Nitrogen Industry Advisory Committee presented varying 
opinions, as follows:2 


(1) In an opinion on areas east of the Rocky Mountains, it was 
stated that no nitrogen deficit will exist in 1955. 


(2) A surplus of nitrogenous fertilizer materials is anticipated in 
the West Coast area, demand being estimated at 200,000 tons annually by 
1955, with available supplies at 238,000 tons made up of 188,000 tons of 
local capacity and 50,000 tons of imports from Canada. Agricultural re- 


quirements data, however, indicated a potential shortage of 35,000 tons 
in this area. 


(3) A near term shortage of direct application liquid ammonia is 
expected in the Gulf Coast areas because demand for this type of nitrogen 


fertilizer material is increasing and is expected to expand beyond previous 
estimates. 


(4) Ample ammonia, however, will be available in the Gulf Coast, 
South, and Southeast areas when new facilities come into production. 


The latest annual figures on the proposed expansion of the chemical nitrogen 
industry are given in table 10. 


TABLE 10, - Proposed expansion of chemical nitrogen industryL/ 


Tons 
2,930,000 


Annual nitrogen total requirements2/ ...ccceccccccceccccccceccccecess 


Present annual plant capacity. @eeeeoeovoeoesoeoeeeveeeeseeeeseseeaeeoaeeaeeeeaeewneeeseeeoeee @ 1,639,000 
Amount of expansion... @eeesoeovoeoeoeveevseeeveewvesveeeeeeseeeeneeenesneeneaeeeeneesonevgen e266 4 1,291,000 
Amount of expans ion unf illed @eeemoeaeoeceoeeneoeeeeeeewpeeeveeseeeseeeoaesoeoevneoeeesvesea2eee 6 152 3 000 


Oil, Paint and Drug Reporter, vol. 162, Jan. 12, 1953, p. 5 
2/ Estimated needs of defense program; not actual needs of agriculture alone. 


Further large expansion of nitrogen production is being urged by the Department 
of Agriculture. "The Department's argument is that 1 ton of nitrogen is equal to 
1,400 acres of land and in any real emergency involving food shortages, this expanded 
production of nitrogen could be readily absorbed by agriculture." 


Nitrogen requirements for agriculture in 1955 have been estimated by the Depart- 


ment of Agriculture. These estimates indicate future requirements of nitrogen in 
short tons to be almost double present use. (See fig. 4.) 


6/ National Production Authority, Release 2382, July 2, 1952. 
7/ O11, Paint and Drug Reporter, vol. 160, Dec. 24, 1951, p. 3. 


Google 


16 


299 ‘Zt 
COE STH 
G92 ‘6Tg 
69T ‘46 


gfe *€ 
202 ‘OT 


OG6T 


€1¢‘°60L 


HOE 6S 
40S ‘9TT 
T9L ‘6 
199 ‘SOT 
922 ‘BOT 
HTE SOOT 


0G2 


Lon‘6 
H00SETL 


9T9‘2TT 
999 ‘TOT 
G 

929 ‘£0OT 
€+6‘T6 
LTE 


‘s°a°U STBT1azeM TeoTway) snousZ01zqN UT papntour /Z 
*yooqisax s[eisutW ‘soutTW jo neaing /T 


a a a ec cal eG 5 19 09 mumFpos 
*s*a°u ‘sTByiaqeM [eo;Mayo snouss014TN 
cee ceeeceeeoeeccecesssanatms UNTUOMY 
a cia eee aes 0 - da iy 9 ¢ Unt uOomy 
*STSTLeyew LezT Th Woe 
Coes cccressccreoseceseooss +s o PTUOMMNE enby 
coccceecoceooeoocoorooosoneaIaItU mMy_UOUNYy 
PS See eS AS OS oe ein ee OT UOUILE snorpéquy 
-STBOTMaYyo [BT1Iysnpul 
28310dxy 


cococccoeeoosoesneratTu umtssejod-umtpog 
Co ccccrevecccseoescessssonprIaTu UMTPOS 
ce ceceserecessannio SaqerqyU UMTSssej0g 
eooeccoeged*s*tu ‘sTefiazem snouass014 TN 
SSA SACRO e 8 S88 #88 #8 0-88 SH TBO EAS MMToOTeD 
SEES SSS Re See 8 ees * SAB TATU WNTOTeS 
ce cecerceocscccoceeessonerms umTUOMy 
ce ceercescossecoess con gudsoud mm Fuoummy 
CS OSE SSO SA See C888 SS SRO ITU 
alow IO 4UacoI1ad og Buyuyteq4uo) 
a aa a lid 90 Y'~ 3 Oo 
qUaoled Og uByy ssaT Suyuzequoy 
7SOINn{QXTU 34814, U wun;ucuMy 
-STBP19ojeW Tezt TF Pow 
cece seeseseeseocceee snrnomme sno.rpAyUy 
a a a La 15 =F a 20 | mn}, uctby 
*STBOTWayo [TeT14snpul 
>S710duy 


TsuOZ zLOys UE “OC-CHET 
893839 ped;tuQ ou} WO peyziodxe pue peyzi0dmyt spunodwmos waxo1qytu IOfeW - °6 TIAVL 


oogle 


G 


17 


ADEQUACY OF PRODUCTION 


Nationally 


At present, the United States is undergoing a period of expansion of its chemi- 
cal nitrogen production. 


In response to questions by NPA as to whether the present 2,930,000-ton nitro- 
gen production goal set for 1955 is sufficient to meet requirements in all areas, 
individual members of the Nitrogen Industry Advisory Committee presented varying 
opinions, as follows: 


(1) In an opinion on areas east of the Rocky Mountains, it was 
stated that no nitrogen deficit will exist in 1955. 


(2) A surplus of nitrogenous fertilizer materials is anticipated in 
the West Coast area, demand being estimated at 200,000 tons annually by 
1955, with available supplies at 238,000 tons made up of 188,000 tons of 
local capacity and 50,000 tons of imports from Canada. Agricultural re- 
quirements data, however, indicated a potential shortage of 35,000 tons 
in this area. 


(3) <A near term shortage of direct application liquid ammonia is 
expected in the Gulf Coast areas because demand for this type of nitrogen 
fertilizer material is increasing and is expected to expand beyond previous 
estimates, 


(4) Ample ammonia, however, will be available in the Gulf Coast, 
South, and Southeast areas when new facilities come into production. 


The latest annual figures on the proposed expansion of the chemical nitrogen 
industry are given in table 10. 


TABLE 10. - Proposed expansion of chemical nitrogen industry+/ 


Annual nitrogen total requirements2/....ccccccccccccccccccceccevcces 2,930,000 


Present annual plant capa Cc ity eesoeeceanv oo eaepeoeasveoeesvseeveeee808e 8 Geeevnweeovene @ HF 3 639 3 000 
Amount of expansion... @eeesvsesvee@eeeoeeoeeeeveevneeevpeeeveeveeveeveeeevoeeeeoneeneneveoev2 e800 84 1,291,000 
Amount of expans ion unfilled ee@eeoeoeaeoeaoeoeaeneevae@eoeaoevseeeveeeoveeeeoeeeeoeeeeneveeeveseee 152,000 


Oil, Paint and Drug Reporter, vol. 162, Jan. 12, 1953, p. 56. 
2/ Estimated needs of defense program; not actual needs of agriculture alone. 


Further large expansion of nitrogen production is being urged by the Department 
of Agriculture. "The Department's argument is that 1 ton of nitrogen is equal to 
1,400 acres of land and in any real emergency involving food shortages, this expanded 
production of nitrogen could be readily absorbed by agriculture.” 


Nitrogen requirements for agriculture in 1955 have been estimated by the Depart- 


ment of Agriculture. These estimates indicate future requirements of nitrogen in 
short tons to be almost double present use. (See fig. 4.) 


6/ National Production Authority, Release 2382, July 2, 1952. 
7/ O11, Paint and Drug Reporter, vol. 160, Dec. 24, 1951, p. 3. 
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A balance sheet for United States agriculture based on the nitrogen lost from 
the soil each year has been calculated by Lipman, and is given in table ll. 


TABLE 11. - Nitrogen: Balance sheet for United StatesL/ 
Short tons of 


Nitrogen 

Annual losses (crops, grazing, erosion, and leaching) ....ceeeoe- 22,899 ,O46 
Annual additions (fertilizer, rain, seeds, manures, etc.)....e.. 16,253,862 
Net annual TOS Bmeiar eee a2 ws aa eee eas tae tai a ec sab Se We tw ee tee ees 6,645,184 


1/ Lipman, J. G., in collaboration with Conybeare, A. B., Preliminary Note on the 
Inventory and Balance Sheet of Plant Nutrients in the United States: New 
Jersey Agr. Exp. Sta. Bull. 607, 1936, p. 20. 


West North Central States 


There is one chemical nitrogen plant in the West North Central States. Three 
plants are in the planning stage. Applications for tax certificates for accelerated 
amortization have been approved for these plants. A list of the proposed plants is 
given in table 12. 


TABLE le. - Proposed chemical nitrogen plants in the 
West North Central States 


Capital 
Compan Location cost Product 


Allied Chem. & Dye Corp.....e.ee. La Platte, Nebr. $24 ,600 ,000 Urea 
Coop. Farm Association ......ee0.% Lawrence, Kans. 13,818,000 - 
Spencer Chemical Co. ..ccccccece Pittsburgh, Kans. 13,758,000 - 


The plant at Pittsburgh, Kans., is reported as 25 percent complete. Completion 
date for the La Platte, Nebr., plant is given as spring of 1954. The plant at 
Lawrence, Kans., is still in the financing stage, and no completion date has been 
announced, Allied Chemical & Dye Corp. operates 2 plants outside the West North 
Central States, with an annual production of 455,000 tons. The Cooperative Farm 
Association is, in part, attempting to sell shares to farmer consumers, This system 
of having the farmers own their own plant has been successful in other parts of the 
country. The Mississippi Chemical Corp., Yazoo City, Miss., was financed in this 
manner, 


The estimated capacity of the 2 new plants under construction in the West North 
Central States is 120,000 tons nitrogen annually. The nitrogen supply status in 
these States in 1955, if these 2 plants enter full production, is shown in table 13, 
and figure 4. 


TABLE 13. - Estimated nitrogen fertilizer requirements - 
West North Central States 


requirements production 


319,000 tons_/ 120,000 tons 
United States Department of Agriculture. 


Deficiency of 
production 


199,000 tons 


Estimated 
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Future needs for nitrogen fertilizer compounds in the West North Central States 
are expected to be much larger than the present consumption, figure 4 and table 14. 
In some areas of the region the use of large quantities of fertilizers is just 
beginning, and in other areas their use is quite limited. In North and South Dakota 
the indicated average amount of nitrogen fertilizer used per crop acre in 1951 was 
only 0.05 pounds and 0.07 pounds, respectively. Of the West North Central States, 
Missouri used the most, 4.8 pounds per crop acre. 


Lowered transportation costs resulting from plants locating in the West Nortn 
Central States will stimulate the use of more nitrogen fertilizer in the region. In 
addition to nitrogen fertilizers, an integrated plant could produce explosives, 
nitric acid, and urea. A market for explosives from such a plant may develop in tre 
Minnesota taconite industry. Operation plans for a greatly increased mine output in 
this industry are underway. 


TABLE 14, - Nitrogen consumption in the west North Central States 
fiscal year 1951 


Farm income ,i Pounds 

millions dollars acreage 1951, per 
State 1,000 acres Op acre 
Minnesota...cccccccces 0.75 
LOWO Ke hawainweeeeewess 1.9 
MISS OUL1 6 sss wands eaeees 4.8 
Ni DAKOCA ss. cedeeex 05 
S< Dakota iiscas sone sOF 
Nebraskeici44 sesssewws Lge 
KAnSAS .cccccccccccecce 1,044 .0 1.3 


ak Crop Reporting Board, Crop Production: Bureau of Agric. Eco., Ann. Survey 
Issue, 1951. 

2/ Scholl, W., and Wallace, H. M., Consumption of Commercial Fertilizers in U. S. 
1950-1951: Agr. Chem., vol. 7, June 1952, p. 40. 


THE AMMONIA INDUSTRY 
Plant Locations 


The synthetic ammonia plants of the United States are located in areas close to 
Supplies of natural gas and coal. Older plants were located in coal-producing aress, 
and newer plants are located in natural gas areas. Construction of natural gas pipe- 
lines has made large quantities of natural gas available in many parts of the coun- 
try. Synthetic ammonia plants now being built, in farming areas, obtain natural ges 
from these pipelines and have the added advantage of being close to consuming arees. 
The domestic areas where major nitrogen compounds are produced are indicated in 
figure 5. A list of synthetic ammonia plants to accompany figure 5 is given in 
table 15. 


Plants producing ammonium sulfate use byproduct ammonia obtained from coking 
operations. These coke plants are usually located in areas adjacent to the steel 
industry: 81 plants in 21 States produced 831,016 tons of ammonium sulfate in 1950. 
Figure 6 shows the location of these byproduct ammonia plants. 
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Nitric acid plants are located in 20 States; the total number of plants is 322. 
The geographic distribution of the States manufacturing nitric acid in 1952, was as 
follows: Alabama 3; Arizona 1; Arkansas 1; California 2; Colorado 1; Illinois 1; 
Indiana 1; Kansas 1; Louisiana 2; Massachusetts 1; Mississippi 1; Missouri 1; New 
Jersey 4; New York 2; Ohio 1; Pennsylvania 3; Texas 2; Virginia 1; Washington 2; 
and Wisconsin l. 


Control of Synthetic Ammonia Plents’/ 


Aside from the Muscle Shoals development by the Government during World War I, 
the synthetic ammonia industry developed as a privately owned industry until the out- 
break of hostilities in 1941. Compared with the large number of producers of by- 
product nitrogenous materials, the number of producers of synthetic ammonia has 
always been small. The list includes E. I. Dupont de Nemours & Co., Allied Chemica. 
& Dye Corp., Dow Chemical Co., and its affiliated Midland Ammonia Co., Mathieson 
Alkali Works, Inc., Pennsylvania Salt Manufacturing Co., and Hercules Powder Co., ell 
of which had entered the field before 1940, 


Production of synthetic ammonia on a commercial basis began in the United States 
in 1921, and production of synthetic sodium nitrate began in 1929. By 1934 there 
were 8 active plants with a reported capacity of 341,350 tons of synthetic ammonia 
annually. In 1940, 7 companies operated synthetic ammonia plants with a total ca- 
pacity of 390,300 tons. To assure adequate supplies of nitrogen to meet military 
demands, which rose from 39,000 tons in 1939 to about 600,000 tons per year at the 
close of World War II, the Government built 10 new plants. In 1945, the total an- 
nual ammonia plant capacity of the United States, including that of the 10 Govern- 
ment plants, was 1,496,100 tons, of which the Government owned 800,000 tons of syn- 
thetic and 5,000 tons of byproduct capacity, and private companies owned 431,000 
tons of synthetic and 260,000 tons of byproduct capacity. The synthetic capacity 
far exceeded other fixed nitrogen capacity, and roughly two-thirds of the synthetic 
capacity was Government owned. 


With this large Government capacity in existence, the distribution of total ca- 
pacity did not change appreciably until nine of the Government plants were sold out- 
right or leased to private interests. The resulting ownerships of synthetic ammonie 
plants and capacities existing in 1952 are given in table 16. 


Process Materials Consumed 


The process materials consumed in the manufacture of nitric acid, ammonium sul- 
fate, and ammonia annually, and per ton of finished product, is given in table l. 
The process requirements for the manufacture of these compounds were calculated, in 
part, from published data on the operation of the Lion Oil Co. chemical plant at El 
Dorado, Ark. 


Personnel 


Plant-operating personnel must include highly qualified supervisors, semitech- 
nical laborers, engineers, machinists, and mechanics for the effective and safe oper- 
ation and maintenance of high-pressure equipment. It is estimated that 80 percent 
of the manpower required for a nitrogen plant could be trained in the plant and 
would require no specialized skill before employment. 


87 Federal Trade Commission, The Fertilizer Industry: Report, 1950, pp. 23-2, 
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TABLE 16. - Ownership of synthetic ammonia capacity in 1952 


Company capacity total capacit 
Allied Chem. & Dye Corp..ccccccccccccssccccese 
E. I. Dupont de Nemours & Cor... ccccccccecesecs 
one dl: Chemical. "Coe c5.6.0 6. cao Os a nee e meee wees ee 
Hercules .POWGCr: CO 6:65 siscseerh oases ee were aaeeekes 
Dow Chemi¢el -COs6 si.6w.a dss sce G40 64S hee eee 
Mathieson Chem. Coe sveiicsiee 6 sie 6 om 6nce woe esa 66% Sites 
Penns“ SalG- Mtoe COs ss Gas nce ere 6 ease ee a erareces 
LON: OL) CO ois eks Wiese GOON ee eee RSS we ees 
Commercial Solvents Corc.wcicccccccccccccccseves 
ppencer Chemical. CO ¢ 4% 60:bics ti ecco sees eeewas 
PHIL pe: Chemis Cad: CO oa 4 6s5die secede wi e.aiea ie 660-4 Oslo 
SMLGI=DOUSIAS: CO sew wise hence b Sb Seer ee ee eaters 
enn. Valley Authority a<< écss<dew sepa seke eee es 
Mississippi Chem. Corp.cccccccccccsvccccseceer 


Total synthetic capacity...cccccccccceces 1,823,800 


The personnel requirements for the operation of a nitrogen plant will depend on 
the variety of finished products and on the efficiency of the plant. The efficiency 
of a nitrogen plant depends upon the hydrogen source, the size of the plant, and the 
system of conversion. A plant using natural gas as its hydrogen source tends to 
have lower costs than a plant using coke, but what fuel will be used will depend on 
the relative cost of each. The average number of employees per ton of finished prod- 
uct ranges from 1.0 to 1.7. Approximately 111 employees are needed for an efficient 
plant, 120-ton-per-day ammonia capacity. For a smaller plant, 100-ton-per-day capac- 
ity, about 100 employees will be required. Estimated personnel requirements of a 
120-ton-per-day ammonia plant, producing ammonia and ammonium nitrate, using either 
the Claude or the American system of conversion are given in table 17. 


TABLE 17. - Operating personnel (120-ton-per-day ammonia plant) 2/ 
ype_of employees American system 


}- 
FR £ 
OLE OAH OND FHDOONH 


a 


- 


OiMWwWrRANMW FH 


I~ 
© 


Administrative, clerical......cccoccccccccces 46 61 
AMMONIA DLANG sc) < diss ccocorses @ SOS Wow awe waloe a ees ey 80 
Maintenance and service includes nitric 

acid and ammonium nitrate plant.....ceceee 41 6 


TPOCS Liss 654 Wired oe oe 6 ee oe OS SEAS ews 206 


1/ Shearon, W. L., Jr., and Thompson, H. L., Ammonia at 1,000 Atmospheres: Ind. 
Eng. Chem., vol. 44, February 1952, p. 263. 


The estimated annual payroll for a 120-ton-per-day ammonia plant, using the 
Claude process, and producing ammonium nitrate, is tabulated in table 18. 
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TABLE 18. - Estimated annual payroll eon pee ammonia 
lant usi Claude process 1/2 
a nig A one 
Type of employees employees hourly rates amount 


MEE ET a G5 io as a oe oreo Gre wiere ware ereterew we Se eceteare 1 
POUPO TV 1 SL OM gee tcavinrre aire sae Aeia tarecca cere ecw wae sree! rere a a) 
Administrative, clerical... ..cccccccccece 19 
Chemical engineerS...cccccccccssccecseces le 
LADORCYS 4 .5:5-0-chy avei-we oe ee 4 Wee eis oo ae 45 
Maintenance, Service. ..ccccccccccsccecccs _19 

DOCG L 6 i en0's 6 acee Wie aed ee wR oe 6466 wees 111 


l/ The estimated payroll includes a premium payment for shift differential, compen- 
sation insurance, and Social Security. 
2/ Includes integrated nitric acid and ammonium nitrate plant. 


Geographical Areas of Consumption 
Fertilizer 


Consumption of nitrogen fertilizer compounds, by States and regions, is given 
in table 19. Although the United States used more fertilizer in 1950-51 than in 
1949-50, a number of States used less. North Dakota used 5 percent less nitrogen in 
1950-51 than in 1949-50. Montana increased its consumption of nitrogen fertilizers, 
656 percent in 1950-51, compared with 1949-50. The demand in the West North Central 
States has increased greatly percentage-wise in recent years, but the quantity con- 
sumed remains relatively small. The West North Central States used 7.3 percent of 
the total nitrogen consumed in the United States agriculture in 1950-51. Largest 
users of nitrogen are the States east of the Mississippi River; these States used 
65 percent of the 1,171,418 short tons of nitrogen consumed in the continental United 
States in 1950-51. 


Industry 


The relative importance of the geographical areas of consumption may be shown 
by the cities in which large quantities of synthetic ammonia are stored. Large 
stock points are located in the following cities: Syracuse, Boston, New York, Newark, 
St. Louis, Philadelphia, and Chicago. At these points, consumers can secure prompt 
delivery. These stock points supply the ammonia used in industry. 


Need for Additional Plants 


The need for additional chemical nitrogen plants is indicated by the expansion 
requested by the Government for completion in 1955. The total nitrogen requirement, 
in 1955, is estimated at 2,930,000 tons of nitrogen, an increase of 1,291,000 tons 
over the 1952 production capacity (table 10). Thirty-one companies have plans to 
enter the chemical nitrogen field, but some of them may not complete their plans. 
The Government is not providing money for this expansion, but is allowing tax bene- 
fits through accelerated amortization of capital investments. 


Google 


28 


Farmers in some areas have interested themselves in cooperative synthetic an- 
monia and nitrogen fertilizer plants. Possible advantages for such cooperative 
ownerships are: (1) The plants' products are designed to alleviate a regional 
fertilizer problem; (2) the profits of the plant are returned to farmers; and (3) 
the costs of fertilizer may be reduced owing to lower freight costs, and coopera- 
tives' privilege of not paying Federal income tax if profits are distributed to the 
members, 


Chemical nitrogen plants have been proposed at La Platte, Neb., and Lawrence, 
Kans. The plant at La Platte will produce urea, which is used as a cattle feed and 
may not appreciably alleviate the fertilizer problem in the West North Central 
States. The plant at Lawrence, Kans., if built, will reduce the present need for a 
nitrogen plant in North Dakota, but future needs will greatly exceed the proposed 
capacity of this plant. 


The various reasons for increased fertilizer consumption in the North Central 
States have been summarized by Mehring?/ under the following headings: (1) Farm 
income; (2) education and demonstration; (3) changes in crops; (4) soil depletion; 
and (5) miscellaneous. 


Changes in crops grown have increased the need for plant food in maintainirg 
crop yields and have been an important factor with growing demand for fertilizer. 
Since 1940 the North Central States have increased the acreage of corn and soybeans 
and have decreased the acreage of alfalfa. At the same time, there has been a raypic 
change to higher yielding varieties, such as hybrid corn and Clinton oats. To teke 
full advantage of yield possibilities of hybrid corn, many farmers who received 
little benefit from fertilizers when they grew corn from their own seed, must fert:- 
lize the crop. Furthermore, when seed is purchased at prices ranging from $7.00 to 
$12.00 per bushel instead of being saved from the previous crop, the farmer has more 
incentive to buy fertilizer to obtain the highest possible yield. 


The farming system, the weather, and the natural soil-building processes result 
in less soil depletion in the North Central States than in those parts of the coun- 
try where most of the fertilizer is used, but many years of cropping have reduced 
the plant-food reserves of even the rich prairie soils. 


RESOURCES AVAILABLE IN NORTH DAKOTA 


The resources required for a chemical nitrogen industry are available in Nort: 
Dakota. Process requirements are: Coal or natural gas, power, and water. 


Coal 


Coal deposits underlie all or part of 29 counties in western North Dakota and 7 
counties in northwestern South Dakota (about 41,000 square miles) .10 


Most of the lignite beds of North Daxota are in the Fort Union formation, which 
forms the bedrock deposit in the western one-third of North Dakota and a portion of 
the northwestern corner of South Dakota. With a few local exceptions, the lignite 
deposits of North Dakota are flat, with only minor regional dips toward the west and 
northwest. 


9/ Mehring, A. L., Fertilizer Consumption and Supply in the North Central States: 


Better Crops With Plant Food, Reprint U-5-48, 16 pp. 
10/ Ford, Bacon, and Davis, Inc., Engineers, The Synthetic Liquid Fuel Potential of 
North Dakota and South Dakota: New York, 1950-52, p. 85. 
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Over 100 lignite beds with thicknesses exceeding 4+ feet have been reported in 
western North Dakota. The average thickness of overburden in operating strip mines 
is 33 feet. 


Water 


Adequate and dependable supply of water in North Dakota for a synthetic ammonia 
industry is available in the main stem of the Missouri River, and in some of its 
tributaries. The runoff from the drainage area of the Missouri River above Bismarck, 
N. Dak. (186,400 square miles), has averaged 1.4 inches, or about 14,000,000 acre 
feet per year, 


The flow of the Souris River is erratic. From 1935 to 1942 the average flow, 
at the gaging point above Minot, was only 13,470 acre feet per year. Below Minot, 
there are approximately 7,000 acres of irrigated land. In addition to existing 
water demands, the Souris River is a poor water source because of heavy pollution 
during low-flow periods. The Souris River has had periods of no flow. 


The use of water in the Missouri River Basin is subject to the provisions of 
the 1944 Flood Control Act (Public Law 534). The Secretary of Defense is authorized 
to make contracts for the sale of surplus water from a reservoir under his control. 
The State engineer of North Dakota has general supervision of the waters of the 
State. Application must be made to the State engineer for appropriation of water. 
The control of pollution of the public waters of North Dakota is vested in the State 
Water Conservation Commission and the State Game and Fish Department. Before any 
construction of systems to dispose of waste is begun, approval must be eee nT from 
the State Water Conservation Commission and the State Department of Health iL 


Natural Gas 


Present production of commercial natural gas is obligated to the Montana-Dakota 
Utilities Co. However, the Williston Basin is a new source of natural gas and the 
Signal Oil & Gas Co. will construct a $15,000,000 natural gasoline plant near 
Williston, N. Dak., which is expected to be in operation in the fall of 1954. It 
is reported that the ultimate plant capacity will be 60 million cubic feet of gas 
daily, which will yield about 220,99 gallons of natural gasoline. Butane, propane, 
and sulfur also will be produced. The resultant dry gas will be sold by the 
Amerada Petroleum Corp. 


In 1949 the average value of natural gas at producing wells in North Dakota was 
5.2 cents per M cubic feet. In 1950, the average value of natural gas consumed Py, 
electric utilities in South Dakota and Minnesota was 21.8 cents per M Subic feet .13/ 
During 1950 no natural gas was consumed in electric generating plants in North 
Dakota. The present rate for commercial gas at Mandan, N Dak., is 34 cents per M 
cubic feet, , t this gas is subject to interruptable service, when gas is needed for 
firm users. The rate at which a nitrogen plant could obtain gas probably might 
be in the range from 20 to 30 cents per M cubic feet. 


l1/ See reference cited in footnote 10, pp. 117-110. 
12/ Williston Basin Oil Review, July 1953, p. 7. 


L3/ See footnote 4, 
1 / Montana-Dakota Utilities Co. rate. 
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Electric Power 


Hydroelectric Power 


The Garrison power plant being constructed on the Missouri River, north of 
Bismarck, N. Dak., is scheduled for initial operation in 1955. It will have an in- 
stalled capacity of 400,000 kilowatts and will generate an average of 1.7 billion 
kilowatt hours per year, The expected cost of electric power to a large consumer is 
about 5.5 mills per kilowatt hour. The power from this hydroelectric project has 
been allotted, but there is expected to be a surplus of 110,000 kilowatt hours in 
the Garrison power market in 1960 .22/ | 


Local Utilities 


The Montana-Dakota Utilities Co. is constructing two new power plants in North 
Dakota; one at Mandan and the other at Williston. The Mandan plant will be a 25,000 
kilowatt steam electric generating unit; the Williston plant will be an 8,000-kilo- 
watt gas turbine installation. The Mandan plant is scheduled for completion in 
September 1954, and the Williston plant is 95 percent complete .16 The new plant of 
the Central Electric Power Cooperative, at Voltaire, N. Dak., has an installed ca- 
pacity of 40,000 kilowatts. This plant is operating at about 50 percent capacity. 
About 10,000 kilowatts would be required by a 120-ton-per-day ammonia plant. Hence, 
it would appear that enough power is available, particularly at Voltaire and Manden. 
The Mandan plant is expected to begin operation at 50 percent of capacity, and sur- 
plus power will be available. 


Freight Ratestl/ 


Railroad freight is shipped under either a class or a commodity rate. Where 
there are no published commodity rates, manufactured fertilizers are shipped under 
a class E rate, the lowest of the class rates. The great bulk of freight is shippec 
under commodity rates, and most of the freight revenue results from these shipments. 
A commodity rate usually is lower than the class rate. It applies to large ship- 
ments moving long distances, to low-grade articles on short hauls, and to especially 
competitive traffic. The Interstate Commerce Commission, Class Rate Investigation, 
Docket No. 28300, exhibit No. 228 (1942) states: 


Of the carload of freight originating on September 23, 1942, on all 
railroads in the United States, 85.2 percent moved under commodity rates. 
Commodity rates accounted for 77.6 percent of the revenue from carload 
traffic 

A 

Rail freight rates on interstate shipments are initially established by the 
carrier concerned, subject to the ultimate prescription of the Interstate Commerce 
Commission in a proper proceeding in which all interested parties are given an op- 
portunity to state their views. Some factors considered in establishing freight 
rates are: (1) Cost of the service to the carrier; (2) value of service to shipper; 
(3) value of the article; (4) nature of article; (5) risk in handling the article; 
(6) distance of the haul; (7) bulk and weight of the article; (8) whether special 
facilities or extra services are required; (9) volume of traffic and periods of 


15/ Bureau of Reclamation, Power-Resources, Requirements, and Supply: 1951, p. 959. 


16/ Minneapolis Star, Mar. 9, 1953, p. l. 
17/ Richards, L. E., Studies of the Effect of Freight Rates on Marketing: Min. 


Fng., vol. 187, February 1950, p. 387. 
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movement; (10) competition between producing centers; (11) whether or not movement 
will be based on rate; and (12) prospects of car being returned loaded or empty. 
Rates are said to be governed by the three C's: Competition, comparison, and com- 
promise. 


Comparison of Rates 


Rail rates for manufactured fertilizers show a wide variance. Tables 20 and el 
give freight rates for phosphate rock and superphosphate from producing plants to 
Bismarck, N. Dak. 


TABLE 20. - Rail freight rates for superphosphate from 
producing plants to Bismarck, N. Dak. 


Plant location Miles | Rate per ton 
AnAcond4s;: Mont iss.4 34066 sees kwhaae ews 12.54 
DOM: LANG os ares. Chere eaine 6.6 aaeeeewisare 17 .30 
Montpelier, Idaho... .ccccccccsvccccece 17.30 
Shertield, Ala. bccn e see duweewereeeens 15.20 
Mob Tes Al 6.6 5 69 crestiarcnc eee wis ave wo ate-e wears 17.19 
Mount Pleasant, Tenn... ..cccccccccecs 15.78 


TABLE 21. - Rail freight rates for ground phosphate rock 
from producing plants to Bismarck, N. Dak. 


Plant location Rate per ton 


Anaconda: Mont ss6<45446.4464000s8 606006 12.54 
DON 5. TGC sora: o65:o:0 es ole e se wae ode Wie ower ate 17.30 
Montpelier, Idaho... .cccccccccccccene 17.30 
SNEI LICL Al Gis eg s.4 ole eereses.0.0re ee rrereecarace 15.20 
MODA1LEGs ALB 65 ico:etu seis oeied aoe ido Va Seaver 17.19 
Mount Pleasant, Tenn.....ccccccccccece 15.78 


Table 22 gives the freight rates for carload shipments of sodium nitrate from 
both operating and proposed ammonia plants to North Dakota points, and table 23 
gives the freight rates for tank car shipments of anhydrous ammonia to the same 
points, 


A study of the freight rate tables shows that freight moving south to north has 
a much lower rate than freight moving west to east. These increased freight costs 
work to the disadvantage of plants located in North Central States. A graph showing 
the spread in freight rates for ammonia nitrate fertilizer is given in figure 7. 


Market Area 


The market area in which a new chemical nitrogen plant can compete with exist- 
ing plants depends on the new plants' transportation advantage, if costs of produc- 
tion are equal. Freight rates for manufactured nitrogen fertilizers from Bismarck, 
N. Dak., to distributing centers in adjacent states, is given in table 24, together 
with rates from competing plants to the same points. 
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TABLE 22, - Freight rates for railroad tank car shipments of 
anh ous ammonia (rate per cwt.)= 


Ammonia plant location 


BEGCL, LOX sirscie oicsenny aoe ewew See 
TACOMA. WAST 5 ésicw whee v0 aie ease n.eieree 
BilLLIngs, (MONG scsee vs6 aise 0en 0 eeeee 
PASCO, WOGI. «ces eais aisle win see ke ee we 
Vicksburg; MiSSos o<¢é-si.0% 36 S00% a0 
LAZOG. CACY 5 (MISS ss oo eres cere be cew acs 
Ws HENdersons: KY 6 si<a sven eee wees 
POUCH; POINGs. (ONL .4:5.5.sisi6 ete malae eee 
Morgantown, W. Va.wccccccvccccscece 
Ue, OUI s: (MOn:s oes 6-sid oO ew sae ee ee 
BUDGS 5 se. 65.56 Si0.0 ocd 500 Wie eNere aes 
New Orleans 5 Lies o0.e5 o2.ee.cle. wees wie ore 
NreeporG, 16k vwiiieciawawwweew ewes 


ba Pistte, N6Drinssswsssanee siacaes 
Stéerlington, lies .48 606406 sues eas 
HOUS OW 5 © OM sci aie wie ea 6 awe 64 0s ose 
Military, KanS....ccsccccscescccces 
Take -Cnarles’y. Uaeieis o-asé0%e 6 0-0.6:6 00-4 Os 


BeLTe Wee V Geese sos we wreiereete Se wares 
Niagara Falls, Ne. Ys esses oie ees oie 
Midland, Mi Cli. :sc4-0w-sd-6-06%00 60-0 60% 
Wyandotte, Mich. ccrcccccscsevcece 
OPO WELD 5 V Gives owiehe! erases dow ene acts 
DHCED LOU 5) Al Gis-5 0:45 4.6. 6 eeiea we wie eeneve 
PYY Oy ORL bees auewew anes oe wee’ 
VOnCuray: CSL Li ee s5scisiewe'heerosc0e oe 
shell. Point, --Calit s.-ciwve sneer s eee 
PItUSbDUre,: “COLLIE 6 dos w-eké- 8 Wee dees 
PANOLE 6 CA LUE 5.8 5 ecere Wise eseie we 8 ewes 


1/ Present rates 15 percent above 
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rates quoted plus 3 percent Government tax. 
2/ Minimum 30,000 pounds in tank cars. 
3/ Minimum 50,000 pounds in tank cars. 
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The points where the rates from existing plants and the rates from Bismarck, Nh. 
Dak., are equal determine the approximate outline of the market area for a plant 


site at Bismarck. The market area for this site is shown in figure 8. 


It includes 


North Dakota, South Dakota, Minnesota, and parts of Iowa, Nebraska, and Wisconsin; 
also shown is the effect of a proposed plant at La Platte, Nebr., in reducing the 
market area of the Bismarck, N. Dak., plant. 


Freight rates for newly established industries are controlled by class rates, 
until the growth of traffic leads to the publication of commodity rates. 
market area of the Bismarck plant site will grow when commodity rates replace the 


higher class rates, 
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TABLE 23. - Freight rates for rail shipments of sodium nitrate 
(carload lots) (rate per cwt.)2 
Ammonia plant location 


Billings, Mont.....ecee eibiatevevecneced 
PASCO, WAGE ois de teun ods o4kwawees 
Vicksburg, MiSS....ccccees w wié-ale 
Yazoo City, Miss......eee. ee ee 
W. Henderson, Ky........ (cb Ceeees 
South Point, OhLo... .ccscccccvcces 
Morgantown, W. Va@.cccccccevcces oe 
St. Louis, Mo..... rca Saves ieee aive: Oe: aieate 
Buras, LA@.ccccccescs Tere Cee ee 
New Orleans 5. La so e.6-0:10.es60 6's os wees 
Preeport;. TeX s.scsiaie cence s eae 
La Platte, Nebr....cceeee wie wees 
SLerlLingt Onis. Lees cise aie dw eieveperwreteiee 
Lake Charles, L@..cccsccccccccces 
HOUS COM, TEX w cao 5.00076. 0 erase w Siew ere oes 
Military, Kans...... Ssetisie ieee! estas. leca os 
Belle, W. Va..ccscece eee ee eee 
Niagara Falls, N. Y...... eleeeeeet 
Midland, Mich...cscscescoee awe ee 
Wyandotte, Mich....c.cccccccvccee 
HOPEWELL 1g. Vas cians wie ve asides wees 
phefrfield, AlG <6 wices aces ieCeawes.s 
Pryor, OK 2G esi <edic.w oeceeves re ee eer 
Ventura, Calif .oics<0esweees aes 
Shell Point, Calif...... ee ee ee 
Pinole; (Ca lit: sc.00 sare 6 oé-0isieie oe ees 
PIUtsbureg, CAlit i éewiss6eaeaw ele wes 


1/ Present rates 15 percent above rates quoted plus 3 percent Government tax. 
2/ Minimum 30,000 pounds. 3/ Minimum 40,000 pounds. 4/ Minimum 50,000 pounds. 


TABLE 24, - Freight rates for manufactured nitrogen fertilizers 
to distributing centers in North Central States 
(per ton dry in bags) 


Plant location 


IN. Dak. | Kans. 
Destination N. Dak. Kans. 


3 
ie 
ie 
j- 


Ree 


“Ss 


SSS 


Plant location 
Bismarck, Military, 
es ats On Dak _ Kans 


Chicago, Ill. Scotts Bluff, Nebr. 12.40 
St. Louis, Mo. Aberdeen, S. Dak. 12.20 
Des Moines, Iowa Sioux Falls, S.Dak. 10.20 
Minneapolis, Minn. Billings, Mont.. 

Toncordia, Kans.. Cedar Rapids, Iowa 9.60 
dankato, Minn. Bismarck, N. Dak. 14.00 


maha, Nebr. 
Rates include ex parte 175-B increase. 
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PROCESSES 


Direct Synthetic Ammonia Processes Using Catalysts 


In the direct synthetic process ammonia is synthesized from a gas consisting of 
3 parts of hydrogen and 1 part nitrogen, The purified gas is brought into contact 
with a catalyst, such as specially prepared porous iron granules. At elevated ten- 
peratures, and under high pressure, this hydrogen and nitrogen unite to form ammor:s. 
Even without the catalyst the hydrogen and nitrogen would combine in minute emounts; 
the catalyst can only hasten the reaction. Several systems depend on this principle: 
The Haber in Germany, the Claude in France, the Casale in Italy, and the Americen in 
the United States. The Haber was the first system to employ the direct giatna ty 
method, and the other later processes were variations of the original process .L¢ 


Haber - Bosch Process 


The Haber - Bosch process was the product of research conducted in Germany; it 
was placed on a successful basis in 1913. Water gas and producer gas are sources of 
hydrogen and nitrogen, which are induced to form ammonia at 200 atmospheres and 
550° C. in the presence of iron oxide as a catalyst. Umreacted gases are recircu- 
lated after ammonia is recovered. Ammonia recovery of 8 percent per pass through 
the converter is achieved. 


Mont Cenis Process 


The Mont Cenis process is named for the company that built the first installa- 
tion. The process is similar to the Haber. It functions at a comparatively low 
pressure of 100 atmospheres and a temperature of from 420° to 500° C, Use is made 
of a highly active iron cyanide catalyst. The gases are precleaned and fuel is 
saved by a system of heat exchangers. Since this is a low-pressure system, capital 
and operating costs are less than with the Haber process. 


Claude Process 


The Claude process was developed in France by Georges Claude. It operates at 
higher pressures and temperatures; namely, 900 atmospheres and 600° C, Ammonia re- 
covery of 40 percent is reported. The system works satisfactorily with relatively 
large amounts of inert gases. 


Casale Process 


This Italian process operates at 475° C. and about 750 atmospheres. Ammonia 
recovery of 40 percent is claimed. A special catalyst of unusually long life is 
employed. This process was designed to use hydrogen produced by electrolysis of 
water. 


American Process 


The American process was developed by the United States Department of Agricul- 
ture. The process operates at 300 atmospheres and 4759 C. Efficient catalysts con- 
sisting of iron, potassium, and aluminum oxides are employed. A photograph of the 
Tennessee Valley Authority plant using the American system of ammonia synthesis is 
shown in figure 9. 


al Riegel, E. R., Industrial Chemistry: Reinhold Publishing Co., 1937, p. 113. 
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New Processes 


Nitric acid. - Food Machinery & Chemical Corp. has developed a process for 
direct thermal fixation of atmospheric nitrogen and is installing a plant expected 
to produce 40 tons of 100 percent nitric acid per day at Lawrence, Kans., for the 
Army Ordnance Department. In the process the reactors produce 2 percent nitric ox- 
ide, which ts absorbed and catalytically oxidized on silica gel. By changes in con- 
dition and time cycle, nitrogen dioxide or nitrogen trioxide can be produced. The 
nitrogen trioxide may be converted to nitric acid and the military interest lies in 
the possible use of nitric oxide or nitrogen dioxide as a rocket fuel. 


Development of refractories capable of withstanding thermal shock at the proc- 
ess temperature above 2,200° C. was the principal technical problem. If this new 
process is developed and all technical problems solved, it might make the present- 
day nitric acid processes obsolete. 


Superphosphate. - New processes are being investigated using nitric acid and 
mixture of nitric and sulfuric acid to manufacture superphosphates ,20/ 


For many years the nitrogen industry has discussed methods of acidulating phos- 
phate rock with acids other than sulfuric. Simple acidulation with nitric acid does 
not produce a satisfactory superphosphate since it contains calcium nitrate, which 
is corrosive, unstable, and extremely hydroscopic., Calcium nitrate formation is 
prevented by controlling the Cad /P50 mole ratio at 2.0 or less. In Process I (see 
fig. 10), which is similar to that used by I. G. Farbenindustrie, the P0 is ex- 
tracted from the phosphate rock by mixed nitric and phosphoric acids, followed by 
ammoniation, drying, and addition of KCl. The first steps produce a mixture of 
dicalcium phosphate, ammonium nitrate, and ammonium phosphate. Process II (see fig. 
10), which is similar to the French P. E. C. process, uses a mixture of nitric and 
Sulfuric acids for extracting the P,0. from the phosphate rock. The mixture then 
is ammoniated, producing a slurry of gieeledun phosphate, ammonium nitrate, and cal- 
cium sulfate. After the addition of KCl, the product is dried. Process III (see 
fig. 10) is similar to Process II, except that it uses no sulfuric acid, obtaining 
the necessary sulfate by addition of K,S0, or (NH) 550), instead of KCl. The final 
Process, IV, is a special one, producing Acaletan shiospnate and ammonium nitrate. 
The P505 is extracted from the phosphate rock with nitric acid, then ammontated to 
preci oleate dicalcium phosphate, which is filtered and dried. The filtrate is 
treated with CO, and ammonia to precipitate the CaC0., and the resulting ammonium 
nitrate solution is evaporated and crystallized. 


PROCESSES APPLICABLE TO THE RESOURCES OF NORTH DAKOTA 
Ammonia Manufacture 


The Claude process for the manufacture of synthetic ammonia is the process thet 
may be most applicable to the resources of North Dakota, The main reason for this 
assumption is that this process will function with a larger amount of methane in the 
synthesis gas than any other process. About 2 percent methane is formed during gas- 
ification of lignite and in processes other than the Claude the methane tends to 
poison the catalysts. The processes described below are based on the Claude system 
of synthetic ammonia production, but all.standard ammonia processes will work with 
natural gas as the hydrogen source. 


19/ Inskeep, G. C., and Henry, T. H , Nitric Acid in Great Britain: Ind. Eng. 


Chem., vol. 45, July 1953, p. 1387. 
20 / Chemical Engineering, N-P-K Head for Dizzy Peaks: Vol. 60, March 1953, p. We. 
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Lignite as Hydrogen Source 


Since 1945, the Bureau of Mines has been working on the development of a gasi- 
fication process using lump lignite as a raw material for the production of hydrogen 
gas. This process could be integrated with any direct synthesis process for the 
production of ammonia. A flow-scheme of the production of synthetic ammonia using 
this process is given in figure ll. A description of the gasification process 
follows :21 


Lignite is gasified in an annular reaction space 3 inches wide and 2 feet 
high, which is formed by two concentric metallic cylinders having approximate dian- 
eters of 48 and 42 inches, respectively. The large cylinder is heated from the out- 
side by three rows of gas burners located at different levels of the cylinder. In- 
coming combustion air to the burners is preheated by heat exchange with burner 
products of combustion, which are at 1,600° F. Lump lignite is fed to charging done 
on top of the gasifier retort by a gas-tight feeding device, and descends slowly 
through the annular reaction space, along with super-heated steam, which meets it at 
the top. The lignite first dries and then heats up to the temperature where therms. 
decomposition of the coal substance and reaction of the steam with the carbon occur. 
As the temperature progressively increases toward the lower section of the annulus, 
the rate of gasification increases and more and more gas is formed. Temperatures 
are as high as 1,9259 F. in the lower part of the combustion chamber. 


Gas leaves the annular reaction zone through the gas offtake at its lower end 
and travels upward through the inner retort tube, transferring part of its sensibie 
heat through the wall to the descending lignite. The gas subsequently passes throug! 
a scrubbing system where it is cooled and cleared of dust. Char refuse is dis- 
charged from the bottom of the retort. 


Depending on operating conditions, gas yield per ton of natural lignite can be 
rather widely varied. Average yield, since gasifier has been in operation, is 
about 44,750 cubic feet per ton of lignite. 


A 95 to 96 percent pure hydrogen can be obtained by catalytically converting 
with steam the carbon monoxide in the gas to hydrogen and carbon dioxide and scrub- 
bing out the latter. 


Natural Gas Reforming 


The following is a aescription22/ of the production of synthetic ammonia at the 
Mississippi Chemical Co. plant at Yazoo City, Miss., by the Claude process. This 
plant is the first farmer-owned plant in the United States, and it was designed to 
give efficient production with the least capital outlay. Figure 12 gives an idea o: 
the magnitude of a plant producing 120 tons of ammonia per day. A flow-scheme of 
the production of synthetic ammonia using this process is given in figure 13. 


In the production of hydrogen from natural gas, superheated steam, and natural 
gas, in the ratio 2:1, are introduced into the tubes of the reformer furnace, to- 
gether with flue gas from the boilers and/or tail gas from the nitric acid plant as 
a source of nitrogen. Natural gas is approximately 92 percent methane, with 3 


21/ Chemical Processing, Bureau of Mines Pilot Plant Proves Lignite Gasification 
Feasible: Vol. 15, May 1952, p. 5k. 

22/ Thompson, H. L., and Shearon, W. H., Jr., Ammonia at 1,000 Atmospheres: Ind. 
Eng. Chem., vol. 44, February 1952, p. 265. 
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percent mixed hydrocarbons plus a small amount of sulfur. The sulfur is removed by 
activated carbon before the gas enters the reformer. Boiler flue gas is approxi- 
mately 86 percent nitrogen, and the nitric acid tail gas is about 95 percent nitro- 
gen. 


Approximately 30 percent of the total natural gas is used as fuel in the re- 
former furnace, and 25 percent is used to fire the boilers. 


One 12-foot diameter carbon steel vessel 65 feet high serves both reformers. 
It consists of two separated sections as a unit, the upper section packed with 15 
Peet and the lower section with 25 feet of 3-inch Raschig rings. The lower tower 
serves as the saturator; the upper tower as the water heater. Gas effluent from the 
converters enters the bottom of the upper tower, flows countercurrently to quenching 
water, heats the water to nearly boiling, and passes out the top of the tower of the 
gas cooler. The hot water passes down into the lower section where it meets the re- 
former effluent gas coming from the tube side of the heat exchangers. This gas is 
thus saturated with steam for the water gas shift reaction, which takes place in the 
converters, passes out the top of the bottom section, through the shell side of the 
exchangers, and to the two converters. Here the carbon monoxide reacts with stean, 
in the presence of an iron-chromium catalyst, to form carbon dioxide and additional 
hydrogen. The converter gas is cooled, and the carbon dioxide is absorbed by amine 
solutions. The gas then enters the caustic scrubber for final removal of the carbon 
dioxide. The last trace of carbon monoxide is removed in the synthesis stage by 
methanation; this is simply the reverse of the first reforming reaction, catalyti- 
cally converting the carbon monoxide to methane, 


Synthesis Stage 


The gas from the caustic scrubber is compressed in 6 stages to 15,000 pounds 
per square inch, Because the synthesis reaction is reversible, the rate of conver- 
Sion to ammonia approaches zero as ammonia content approaches equilibrium, making 
equilibrium by a single exposure of the gas to reaction conditions not feasible. 
Because of the incomplete approach and incomplete conversion at equilibrium, ammonia 
must be removed from the freshly reacted gas and the unreacted gas returned to the 
reaction zone. Two converters are used in series, and the unreacted gases are re- 
circulated, The two converters are carbon steel cylinders, 25.75 inches inside di- 
ameter and 16.67 feet high, with shells 10.375 imches thick. A removable basket, or 
cartridge, fits inside the shell and contains the heat exchange tubes holding ap- 
proximately 16.5 cubic feet of catalyst per converter, and electric heating coils 
for startup and temperature control. The catalyst is a carefully purified magnetic 
tron oxide, doubly promoted with small percentages of aluminum and potassium oxides. 
Synthesis gas enters at the bottom of the converters, is preheated by passing around 
the converter tubes and is passed through the catalyst in the tubes. Ammonia-bear- 
ing gas is discharged from the top of the converters. Temperature of the catalyst 
is controlled by a bypass stream of cold gas introduced into the bottom of the con- 
verter shell through a separate opening. The gas, precooled on exit from the con- 
verter tops, is cooled further for ammonia condensation, then passed through an am- 
monia separator from which liquid ammonia goes to a receiver and storage. The 
unreacted gases are recirculated. 


Since a small amount of methane was introduced in the methanation step and it 
is not possible to eliminate completely other inert gases from the system, these 
inerts tend to accumulate. This causes a reduction in ammonia at equilibrium and 
purging of inerts is required. The purged gas is high in methane and is used as 
fuel for the boilers. 
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Chemical Nitrogen Products Manufacture 


Synthetic ammonia produced in an ammonia plant, in general, is converted to 
other chemical nitrogen products before it is consumed in agriculture. The ammonia 
may be converted to urea or ammonium nitrate. An intermediate step in the manufac- 
ture of ammonium nitrate is the manufacture of nitric acid. The processes used in 
the manufacture of these end products are given below. 


Production of Urea 


Urea is produced from carbon dioxide and ammonia (see fig. 14). It has a chen- 
ical formula CO( NE.) and is a white crystalline solid containing 46 percent nitro- 
gen. 


The ammonia and carbon dioxide are compressed and heated separately to keep 
from forming solids in the compressors. The reactions take place in the converter 
at 2,000 to 2,500 pounds per square inch and at 160° to 1809 C. About 40 percent of 
the gases are converted to urea per pass. Reduction of pressure and application of 
heat drives off the unconverted gases, which may either be recycled or sent to some 
other plant. The urea-water solution that is left is evaporated and dried. 


Production of Nitric Acia23/ 


A considerable portion of the ammonia produced by the direct synthetic process 
is changed to nitric acid by catalytic oxidation. 


Ammonia is oxidated by air with the subsequent absorption of the nitrous gases 
in water at ordinary pressure, or under a pressure of 100 pounds. In either case 
the principle of the method is that a mixture of air and ammonia gas (11 percent 
NH3) passed through a fine wire gauze of activated platinum raised to a glowing heat, 
combine to form nitric oxide (NO) and water. The first reaction ()NH3 + 505 = 4NO + 
6H>0) takes place at a rapid rate, with a 95 percent, or more, conversion. The time 
of contact is 0.0014 second. 


The oxidized gases leaving the converter pass through heat exchangers, cooling 
pipes of chrome steel, and reach the absorption towers, which are fed countercur- 
rently with water and weak acid. Here nitric oxide is converted to nitrogen dioxide 
(2NO + Oo = 2NOo) . This is a slow reaction; but it is accelerated by cooling gases. 
In the absorption towers, the reaction 3NO, + Ho0 = CHNO. + NO takes place. The NO 
formed is reoxidized to NO, in the towers and is gradually all absorbed. The nitric 
acid from the absorption tower contains 50 percent ENO3. 


For many purposes 50 percent nitric acid is satisfactory, but for nitration 
processes it must be concentrated to 95 or 98 percent by adding 66° B. sulfuric acid 
and distilling. 


Production of Ammonium Nitrate 
Ammonium nitrate is produced by neutralizing nitric acid with ammonia. The re- 
sulting solution is filtered, concentrated, and crystallized. The crystallized 


product is dried, crushed, and screened to desired size. To improve the quality of 
the product, a clay conditioner is added in the final state to prevent caking. 


23/ Riegel, E. R., Industrial Chemistry: Reinhold Publishing Co., 1937, pp. 126-127. 
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OTHER POTENTIAL INDUSTRIES USING NITROGEN COMPOUNDS 


A chemical nitrogen plant supplies raw materials for various other industries 
such as: (1) Explosives; (2) plastics; (3) chemicals; and (4) metallurgy. These 
are potential industries for North Dakota. 


Explosives 


Ammonia and nitric acid form the base for explosives, which in peace time con- 
sume about 10 percent of the ammonia produced in the United States. Nitric acid is 
the nitrating agent for the manufacture of nitroglycerin from glycerin, TNI from 
toluene, picric acid from phenol, nitrocellulose from cellulose. RDX explosive is 
made by reacting ammonia with formaldehyde and nitrating the product. 


Consumption of explosives in iron mining in Minnesota accounted for approxi- 
mately 33,000,000 pounds of explosives in 1952. Larger quantities of explosives 
will be required as the proportion of low-grade taconites mined increases. 


Plastics 


Ammonia may be combined with carbon dioxide to form urea. Urea is utilized in 
the manufacture of urea-formaldehyde resins and urea-furfural resins, which are im- 
portant plastics. Urea is used in plastic wood and dimethylol-urea in transmuted 
wood. Ammonia is used as a catalytic agent in producing several plastics, such as 
the phenol-formaldehyde type. Celluloid, pyroline, viscoloid, and fibreloid are 
made from nitrocellulose. 


Use of plastics in the United States is increasing rapidly. Sales of plastic 
pipe alone for 1953 may exceed $15,000,000; compared with $500,000 in 1948. Plas- 
tics are fast replacing metals in numerous items because of the ease of forming, to- 
gether with great strength. The relative lightness of plastics and high value of 
each individual item enable plastic items to be shipped long distances. Plastics 
are a potential industry in North Dakota. 


Chemicals 


The production of petroleum and natural gas from the Williston Basin may pro- 
vide the raw materials to establish a chemical industry in North Dakota. Ammonia is 
used to produce nitric acid. Nitric acid is used in organic synthesis to produce 
nitrobenzol, nitroparaffins, and many other nitro-compounds, such as amines. 

Ammonia is used in manufacturing caustic soda by the Solvay process. 


Metallurgy 


Certain metals, such as manganese, copper, and nickel, may be extracted from 
their ores with ammonia and nitric acid. Application of such a method might result 
in utilization of the manganese deposits in Minnesota and South Dakp a. A descrip- 
tion of the Nosson process for extracting manganese is as follows: 


The process starts with the grinding of ore to -60 mesh. A reduction 
of the ore in a reducing atmosphere follows; the greater part of the manga- 
nese goes to manganese oxide, and the iron oxide is reduced to ferroso- 
ferric oxide. In the following leaching operation with nitric acid, the 


2k / Nosson, E. S., Manganese Concentration From Low-Grade Domestic Ores, Nosson 


Nitric Acid Cycle: Ind. Eng. Chem., vol. 43, July 1951, p. 1696. 
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ferrosoferric oxide remains insoluble with silicon dioxide and aluminum 
oxide. Sulphuric acid added to the nitric acid takes care of the barium, 
calcium, and lead which remain as sulfates in the gangue. If, however, 
the ore contains an excess of calcium, it would be more economical to 
work only with nitric acid and produce calcium nitrate for fertilizer as 
a byproduct. Phosphorous remains in the insoluble remainder. The solu- 
tion of manganese nitrate is concentrated and decomposed in the presence 
of air at a temperature of 2009 C. 

MN(NO3) 5 + H50 + 1/2-05 = MNOo + 2HN03 
Manganese dioxide and nitric acid leave the decomposition unit. The man- 
ganese dioxide is purified by washing, and then is dried. It is nodulized 
if it is to be used for metallurgical purposes. The washed and dried 
manganese product contains 60 percent manganese; its manganese dioxide 
content is 88 percent xxx. 


COST ANALYSES OF PLANT AND MANUFACTURING 


Factors Governing the Choice of Plant Sites 


The factors governing the choice of a plant site are as follows: (1) Aveile- 
bility of transportation; (2) availability of process materials; (3) labor market; 
(4) housing facilities; and (5) other industry. 


Availability of Transportation 


Construction and operation of a synthetic ammonia plant usually requires a 
direct rail and highway connection. Railroad facilities are fairly well distributec 
in North Dakota (see fig. 15), since the transcontinental lines of the Great North- 
ern, Northern Pacific, and Chicago, Milwaukee, St. Paul & Pacific Railroads cross 
the State, and since the State's position as one of the Granger States results in 
the development of numerous branch feeders to these lines. The Minneapolis, St. 
Paul, & Sault Ste. Marie Railroad also serves part of North Dakota. 


The highway pattern of the State is influenced by the few important cities and 
recreational areas, such as the Black Hills and Yellowstone and Glacier Parks; with 
the result that paved roads are not widely distributed. Except for some sections of 
the western half of the State, there is a well-developed network of secondary roads. 


Availability of Process Materials 


Process materials available in North Dakota for a synthetic nitrogen plant are 
coal, natural gas, and water. 


Large quantities of lignite are available for production of the hydrogen neces- 
sary for the manufacture of synthetic ammonia. Natural gas will also be available 
as soon as processing plants are built in the Williston Basin area and will probably 
provide a cheaper source of hydrogen. 


The coal deposits of North Dakota contain 16 percent of the coal reserves in 
the United States and underlie all or part of 29 counties in western North Dakota. 
Figure 6 indicates the general areas of coal availability. 


The present commercial production of natural gas is limited and comes from an 


extension of the Cedar Creek field of Montana. The wells are near the Montana- 
Dakota boundary in southwestern Bowman County, N. Dak. The gas enters the 
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Montana-Dakota Utilities Co. pipeline system, which supplies natural gas to Willis- 
ton and Bismarck, N. Dak. 


The Williston Basin is expected to produce large quantities of natural gas. An 
indication of the minimum amount of natural gas that may be expected is the report 
that the Signal Oil and Gas Co. plant now under construction near Tioga, N. Dak., 
will have an ultimate capacity of 60,000,000 cubic feet per day. 


Electric power in sufficient quantities to operate an ammonia plant is avail- 
able from the Voltaire plant of the Central Electric Power Cooperative, and the 
Mandan plant of Montana-Dakota Utilities Co. The Voltaire plant has a capacity of 
40,000 kilowatts and at present is operating at about 50 percent plant. capacity. 
New power plants are being built at Mandan and Williston, N. Dak., of 25,000 and 
8,000 kilowatt capacity, respectively. 


The water supply in the streams throughout the region of the coal resources 
varies greatly. Figure 6 indicates the water resources of North Dakota with rela- 
tion to the general areas of coal availability. 


The only large source of firm water in or near the coal areas are 
the main stems of the Missouri River. The run-off from the drainage area 
of the Missouri River above Bismarck, North Dakota (186,400 square miles) 
has averaged 1.4 inches, or approximately 14,350,000 acre feet per year. 


Labor Market 


North Dakota is mainly agricultural, hence all of the labor needed to operate a 
chemical plant would probably not be available in the plant locality. Enough key 
labor for training purposes could be recruited from other chemical plants. A method 
of employing key personnel to train local workers has been used at the Yazoo City, 
Miss., plant of the Mississippi Chemical Corp. Excellent results were reported. 
Workers were hired 90 days before the plant began to operate and were trained in a 
school established in the plant. Some key workers were sent to nearby nitrogen 
plants for on-the-job training. 


Housing Facilities 


Housing facilities would not be available in North Dakota unless the ammonia 
plant were located near one of the larger cities. The extra cost of providing 
housing for a community complete with schools, stores, and facilities would increase 
the capital costs of the plant. 


Other Industry 


The economy of North Dakota is primarily agricultural. Recently, oil has been 
discovered in the Williston Basin. A refinery is planned at Mandan, N. Dak., by the 
Standard Oil Company of Indiana. Product pipelines will connect the Williston Basin 
to the present pipeline terminal in the Fargo-Moorhead area. 


Factors Governing Selected Plant Capacity 


The primary factor governing selected plant capacity is the demand for nitrogen 
fertilizer in the market area. 


25/ See work cited in footnote 10, p. 102. 
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Consumption of nitrogen for fertilizer in 1951, in the proposed market area is 
given in table 25; together with an estimate of the new plants' share of market 
demand, based on freight advantage to the Bismarck plant site. 


TABLE 25. - Nitrogen fertilizer consumption in market area 


Nitrogen consumedl/|New plants' estimated 
State 1951, tons share of demand, tons 


Minnesota. ..ccceseee 6,000 
LOWE giecks o0 Sere win RSS 5,000 
North Dakota.....ee. 2(3 
South Dakota.....e.- 621 
Nebraska :s é.c:sc0 ss e084 5 ,000 
Montand...cccccsecee 2,000 
Wyoming... cccccccees 150 

TOCALS 4646 ies ewre-s 19, 344 


1/ Scholl, W., and Wallace, H. J., Consumption of Commercial 
Fertilizers in U. S., 1950-1951: Agr. Chem., vol. 7, June 
1952, p. LO. 


Capital Cost 


Although a 120-ton-per-day plant is considered as the minimum economical size 
for an ammonia plant, estimated capital costs of 3 plant sizes - 60, 120, and 180 
tons per day - are given in table 26. It is noted that the unit cost advantage 
accruing to the 180-ton plant as opposed to the 120-ton plant is relatively small. 
A breakdown of estimated investment costs of a 120-ton plant using natural gas and 
of a 120-ton plant using lignite gasification are given in table 27. 


TABLE 26. - Relation of estimated costs to capacity of 
anhydrous ammonia plents!/ 2) 
Investment costa/*/ 


Operating cost 
ton ammonia3 


a 


60 ike d donteau sates $3,799,000 $39 48 
2 Osa nists pena Suave niasers 6,037,500 32.66 
LOO sate laiisa wees 8,732,000 30 46 


Shearon, W. H., Jr., and Thompson, H. L., Ammonia at 1,000 
Atmospheres: Ind. Eng. Chem., vol. 44, February 1952, 
p. 263. 

2/ Natural gas reforming. 

Original figures related to early 1949 conditions; figure 
given is original figure multiplied by 1952 index factor. 

4/ Includes integrated nitric acid and ammonium nitrate plant. 
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TABLE 27. - Estimated capital costs of 120-ton-per-day ammonia plant2/ 


Item Lignite gasificatioz 


iis. -PFOCESS <CQ111 PMN Gs: criosoa-ewted.e4e abe sewers $3,498, 300 $4,978, 000 
2. Process and bduildingsS....ccccccecvacccecs 620 , 500 770,500 
3. Process equipment erection... ..c.ccescccces 1,218,000 1,938,0C0 
4, Steam facilities included in 1 and 2..... 
5. Site and site preparation. .cccccccccccece 140 , 500 140 , 500 
Ge “WALEr SYS UEMGS rae co.wae 6 ose ane ee Mees 291,700 291,700 
de -POWED BYSUCM soos 4st Snisei Ae denwsedcaueiwe 268 , 500 268 , 500 
DOR Gs grata aries Buses Beeraus ans we tuecs auereteteaecone $6 ,037 ,500 $8 , 387,200 


1 Includes integrated nitric acid and ammonium nitrate plants. 
CONCLUSIONS 


The manufacturing cost, excluding overhead and fixed charges, for a 120-ton-per- 
day plant is estimated at $48.75 per ton of ammonia produced using natural gas and 
$61.45 per ton of ammonia produced using lignite gasification. The production cost 
for a 60-ton plant using natural gas is estimated at $59.65. The ammonia produced, 
in general, must be converted to other end products before it is used as nitrogen 
fertilizer. 


The plant considered at Bismarck, N. Dak., would have facilities for converting 
part of its ammonia production to ammonium nitrate and manufacturing cost is estin- 
ated at $40.82 per ton. This compares with a delivered price for ammonium nitrate 
originating at Military, Kans., of $84.00 at Bismarck, N. Dak., $80.20 at Sioux 
Falls, S. Dak., $82.40 at Aberdeen, S. Dak., $80.40 at Mankato, Minn., and $81.00 at 
Minneapolis, Minn., including freight. The differences between estimated manufac- 
tured cost at Bismarck and the estimated delivery cost at above places indicate a4 
substantial margin for plant amortization, interest, and profit. 


The demands for ammonia appear to be pyramiding (see fig. 16); the real ques- 
tion is whether or not there will be enough even when the industry meets the pro- 
jected DPA goal of 2,930,000 tons of nitrogen in 1955. One of the basic reasons for 
the tremendous demand for ammonia is the need for nitrogen in fertilizers. Ferti- 
lizer consumption has been growing constantly and future requirements probably will 
increase tremendously. 


A large market area for nitrogen compounds exists in the North Central States. 
In North Dakota, the new petroleum industry may use nitrogen compounds in manufac- 
turing petroleum products. The farmers of the North Central States are just begin- 
ning to use large amounts of nitrogen for fertilizers, and the use in the future will 
be much greater than at present. The Department of Agriculture estimates the West 
North Central States will use 319,000 tons of nitrogen by 1955. 


It is indicated that under the present economic conditions a 120-ton-per-day 
ammonia plant in North Dakota may be economically feasible and that there is enough 
demand for its products. In the future, additional facilities may be added to take 
care of increased demands. Conservative cost estimates of raw materials, production, 
and capital expenses were used in making this analyses. When large quantities of 
natural gas and hydroelectric power are available, raw-material costs might be re- 
duced by possibly one-third. This will lower the manufacturing cost of ammonia to 
about $39.00 per ton. The present estimated manufacturing cost, using natural gas 
reforming, is $48.75 per ton of ammonia. 
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Raw materials for a chemical nitrogen plant in North Dakota are available in 
the large reserves of lignite and of natural gas. Natural gas will soon be avail- 
able from a new natural gasoline plant near Tioga, N. Dak. 


The increased profits that a farmer will receive if he uses more fertilizer, 
may be shown by the following statement by Bear .© 


One pound of extra nitrogen, rightly used, can be depended upon to 
produce approximately 100 pounds of potatoes, 20 pounds of corn, 4 pounds 
of pork, 25 pounds of sugar, or 2O pounds of milk. 


The nation cannot survive if it continues to mine its soil. Replacement of 
plant nutrients is a "must" if our living standard is to be kept high. An ammonia 
plant located in North Dakota will do much to alleviate the local fertilizer problerx. 


Bear, F. E., Making the most of our Nitrogen Resources: Soil Sci. Soc., vol. /, 
1942, p. 298. . 
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APPENDIX I 


selected Industrial Compounds From Ammonia 
Compiled by A. C. Burr 


Name Uses 
Ammonia NE Reagent, insecticide, alkali, mold preven- 
tive, extractant, lubricant, hydrogenating 


agent, flotation reagent, neutralizing 
agent for acids, photographic reactant, 
cosmetic ingredient, soaps, dye, stain and 
spot remover, fire proofing, inks, ferti- 
lizer. 


Ammoniacal magnesium cyanide Fumigant for plants. 


Ammoniated soap of palm and olive oils. Wetting agent. 


Ammonium acetate NH) OoCCH2 Dyeing, medicinal, reagent, insecticide, 
mordant. 

Ammonium acid adipinate Leather buffer. 

Ammonium acid diglycollate Do. 

Ammonium acid phthalate | Do. 

Ammonium acid saccharate Do. 

Ammonium alginate Ceramics (waterproofing), reagent, stabil- 


izer, glues and adhesives, thickening ink, 
emulsifying agent, binder, defecating 
agent, mordant, waterproofing, clarifying 


agent. 
Ammonium aluminum sulfate or - Fertilizer, flux, galvanizing of iron, 
ammonium alum reagent, clarifying agent, ingredient of 
(NH),) 250, .Alo(SO,) 3.2480 catalytic, ingredient of portland cement, 


dyer, baking powder, confectionary, oleo- 
margin, inks, artificial stone, tanning, 
fireproofing, dyeing. 


- or - 
NH),A1(SO) ) ,.12H 0 


Ammonium aurintricarboxylate Reagent, dye. 

Ammonium benzoate NH), OoCCeHs Preservative. 

Ammonium Betatetrahydronapthalene - Emulsifying agent. 
sulfonate 

Ammonium bicarbonate or - ammonium Medicine, fire-extinguishing compounds, 
acid carbonate, ammonium hydrogen dye, leavening agent. 


carbonate NH HCO 
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APPENDIX I (Con.) 


Name 


Ammonium bifluoride or - ammonium 
acid fluoride NH), HF'5 


Ammonium borate or - ammonium 
biborate, ammonium acid 
tetraborate NH), HB), 07 .3H50 

Ammonium borofluoride 


Ammonium bromide NH, Br 


Ammonium butylnaphthalene-sulfonate 
Ammonium butyraldehyrate 


Ammonium butyrate 


Ammonium carbamate NH, NH.CO,, 


Ammonium carbonate or - ammonium 
crystals (NH), ) 2CO3 


Ammonium celylsulphate 


Ammonium chloride or - sal 
ammoniac NH, C1 


Ammonium chloroacetate 


Ammonium chrome alum 
(NH, ) 250), .Cro(S0),) 3 .24H50 


Ammonium citrate (NH) HC (0 


Google 


Uses 


Etch glass, sterilizing agent, textile 
sour, decomposing agent, mordant. 


Medicine, fire-retarding agents, condenser 
electrolytes. 


Casting processer for aviation engines. 


Bromide content in medicine, precipitating 
agent for silver salts in photography, 
reagent, soldering flux, fireproofing, 
sedative, printing. 


Fire prevention. 
Vulcanizing,. 


Emulsifying agent for leather, oils, soap; 
textile finishing. 


Chemical-starting point, fertilizer. 


Theoretical, smelling salts, fire extin- 
guishing, rubber accelerators, chemical, 
explosives, baking powder, glues, cos- 
metics, soap, wine accelerator. 


Flux for soldering. 


Paint and varnish, soldering flux, elec- 
trolyte in dry cells, fertilizer, textile 
printing, medicine, reactant, gelantizing 
agent, fireproofing, insecticide, soap, 
reagent, adhesives, chemical, coal prod- 
ucts, iron cements, cosmetics, dry clean- 
ing, lubricant, metallurgical, milling, 
paper, petroleum, refrigeration, stone, 
textile, water and sanitation, adhesives 
and glue, ceramic, disinfectant, dye, ex- 
plosives and matches, food, rubber. 


Protective agent for wood. 


Mordanting and printing operations, manu- 
facture of some inks. 


Rustproofing, cotton printing, plasticizer. 


Name 


Ammonium dibutylnaphthalene-sulfonate 


Ammonium dichromate or - ammonium 


bichromate (NH) oCr507 


Ammonium diorthoanisylphos phate 


Ammonium fluoride NH F 


Ammonium fluotitanate 
Ammonium glycerphosphate 


Ammonium hydrate or - ammonium 
hydroxide NH, OH 


Ammonium hydrosulfide 


Ammonium hypochlorite 


Ammonium hypophosphite NH) HPO, 


Ammonium iodine NH, I 


Ammonium lactate NH, O,CCHOHCH., 


Ammonium laurate NH) O50C) 4H, 3 


Ammonium laurylsulfonate 
Ammonium linoleate NH),O5C0C} 7H 27 


Ammonium molybdate (NHj,) 5Mo0), 
(hydrated form = (NH) ¢ 


Ammonium naphthenate 


Ammonium nitrate ios 
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APPENDIX I (Con.) 


Uses 


Solvent, washing compounds, dyeing, 
Pinishing textiles, 


Pyrotechnics, antifreeze, reagent in mak- 
ing catalysts, purifying agent, etching 
agent, sensitizer, mordant. 

New medical. 

Antiseptic and preservative, etching 
agent for glass, treatment of soil, ster- 


ilizer, catalyst, moth repellant, wood 
preservative, carrotting furs. 


Dyeing. 

Medicine. 

Household ammonia. 

Commercial product, denitrate nitro- 
cellulose product, sulfide finishes. 
Reagent (chemical), disinfectant. 


Medicine, reducing agent. 


Medicine, photography. 

Electroplating, leather tanning and fin- 
ishing, absorbent, chemical, plating 
nickel or zinc. 

Cosmetic products, emulsifying agent. 
Emulsifying agent. 

Cosmetic products, emulsifying agent. 


Metallic molybdenum, pigments, photography. 


Coagulant, waterproofing agent, catalyst. 


Fertilizers, freezing mixtures, explosives. 
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Name 


Ammonium nitrate limestone or - 


ammonium nitrate dolomite, lime- 
ammonia-nitrogen (a mixed product 


of ammonium nitrate) 
Ammonium octodecylsulphonate 
Ammonium oleate 


Ammonium orthocyanobenzamide 


Ammonium orthocyanobenzoate 


Ammonium oxalate (NH), ) 5C0), .H,0 


Ammonium phosphomolybdate 
Ammonium phthalamate 


Ammonium pentaborate 
NH B09 -4H0 


Ammonium perchlorate NH) C10), 


Ammonium persulfate 
(NH, ) 98205 


Ammonium phosphate or - (general 
term) 
monoammonium phosphate, 
primary ammonium phosphate, 
monobasic ammonium phosphate, 
ammonium phosphate-hemibasic 
(NH), ) HPO), 


Ammonium polysulfide (NH), ) 58 


Ammonium-potassium borofluoride 


Ammonium propionate 


Google 
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Uses 


Fertilizers, freezing mixtures, 
explosives. 


Emulsifying agent. 


Cosmetic agent, emulsifying agent, dry 
cleaning agent, lubricant, rust preven- 
tive, insecticide. 


Starting point in making metal phthal- 
ocyanin pigments with aminosulphonic ecics 
and metal salts. 


Do. 


Special explosives, removal of corrosion 
from metals, finishes and dressings, soap. 


Paint and varnish, dye, reagent. 
Starting point in paint and varnishes. 


Medicine, fire-retarding agents, condenser 
electrolytes. 


Oxidizing agent in explosives and pyro- 
technics, 


Manufacture of potassium persulfate, 
oxidizing copper, bleaching oils, dyes, 
batteries, foods, bleaches. 


Medicine, fireproofing textiles, ferti- 
lizers, nutrient, reagent, soldering flux, 
green pigment. 


Denitrate nitrocellulose products, sulfide 
finishes, dyes, insecticide, dehairing 


hides, 


Fuels. 


Lubricant, dressing and finishing leathers, 
fuels, soaps. 
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Name 


Ammonium salicylate 
Ammonium selenate 


Ammonium selenite 
Ammonium selenocyanate 


Ammonium silicofluoride or 
ammonium fluosilicate (NH),)SiF¢ 


Ammonium silicomolybdate 
Ammonium silicotungstate 


Ammonium soaps (generally refers to 
ammonium oleate) 


Ammonium stearate NH),0,C( CH) 1 6CH, 


Ammonium succinate 


Ammonium sulfamate or ammonium 
amidosulfonate NH,SO..NH., 


Ammonium sulfate (NH, ) ,S0), 


Ammonium sulfide (NH), ).S 


Ammonium sulfocyanate 


Ammoniated superphosphates 

Ammonium telluride 

Ammonium thiocyanate or - ammonium 
sulfocyanide, ammonium sulfocyanate, 


ammonium rhodanide, NH) SCN 


Ammonium thioglycolate 


CHSHCOONH), 


Google 


Uses 


Medicine, preservative, germicide, reagent 
in making synthetics as resins. 


Reagent in testing for alkaloids, codeine, 
red glass, mothproofing. 


Mothproofing. 
Sterilizer, parasiticide. 


Medicine, mild neutralizing agent, setting 
of cements, fertilizers, mothproofing. 


Dye, paint, and varnish, 
Do. 


Manufacture of toilet preparations. 


Emulsifying agent, waterproofing agent in 
concrete, preparation of special stearates. 


Reagent in making succinamide. 


Flameproofing textiles, paper and wood; 
herbicide. 


Fertilizer, flux in soldering, cosmetic 
ingredient, fertilizer, fireproofing, 
glass, soap, treating water, activating 
agent, nitrogenous food, precipitant, rea- 
gent, dye, batteries, baking powders, 
candle wicks, neutralizing hides. 


Sulfide finishes on metals, in denitrate 
nitrocellulose products. 


Reagent, starting point, fulmenating 
agents, dyes, explosives, fertilizer, in- 
secticide, photography. 

Fertilizers. 

Catalyst, reagent. 


Thiourea, photography, dyeing, and print- 
ing textiles, insecticides, lubricants, 
corrosive agent, swelling agent. 


Reagent for permanent hair waving by the 
cold process. 
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Name 


Ammonium thiosulfate or - ammonium 
hyposulfite (NH,,) 950, 


Ammonium-tin carbonate 
Ammonium-tin citrate 
Ammonium-tin oxalate 
Ammonium-tin tartrate 
Ammonium-titanium carbonate 
Ammonium-titanium citrate 
Ammonium-titanium oxalate 
Ammonium-titanium tartrate 


Ammonium uranate 
Ammonium vanadate 


Diammonium phosphate or - secondary 
ammonium phosphate, dibasic am- 
monium phosphate (NHj,) sHPO) 


Diethanolamine (HOC5H5 ) >NH 
Diethylamine (CoH. ) NH 
Dimethylamine ( CH ) NH 


Ethanolamine or - monoethanolamine 


HNCH,CH,OH 


Ethylamine or - monoethylamine 
CoHs NH 


Guanidine HNC( NH.) - 


Methylamine or - monomethylamine 


eS 


Google 


Uses 


Reducing agent, photographic grade. 


Delustring agent-textiles., 


Do. 


Do. 


Reagent in removing albuminous substances 
from therapeutic sera and other liquids. 


Reagent, catalyst, starting point, dye, 
ink, drier for linseed oil, mordant. 


Medicinals, textiles, fire-retarding agen*, 
fertilizer material. 


Dry cleaning, solvent for oils and fats, 
dyes, pharmaceutical, soaps. 


Synthetic organic chemistry, catalyst, 
reagent, dye. 


Organic synthesis, rubber accelerator, 
agricultural, dye, starting point. 


Dry cleaning, solvent for oils and fats, 
dyes, pharmaceuticals, soaps, absorbent, 
emulsifying agent. 


Dye intermediates. 


Rubber accelerator, reagent, dye, ferti- 
lizers, fire extinguishing. 


Limited in its use because the higher 
boiling primary amines, such as amylamine, 
are easier to handle. 


Nitric acid HNO 


Sesquicarbonate (an NF grade) or - 
ammonium bicarbonate NH, HCO 


Name 


3 


ammonium carbamate 


NH) NH,CO,, 


Triammonium phosphate (NH), ) ,PO), 


Triethanolamine (HOC SH.) .N 


Triethylamine ( CoE.) 3N 


Thiourea CS(NH_) 
Co 


Trimethylamine (CH3) .N 


Urea or - carbamide 


CO( NH.) 


eo 2 


Google 
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Uses 


Oxidizing agent, explosives, etching, 
photoengraving, ceramics, solvent, rea- 
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gent, starting point, dye, metallurgical, 


rubber substitutes. 


Smelling salts, rubber accelerators. 


Fertilizer, starting point for various 
carbamates, 


Relatively unimportant - on exposure to 
air gives off ammonia to form the 
diammonium compound. 


Soaps, emulsifying agent, absorption of 
acid gases, 


Manufacture of quarternary ammonium 
compounds. 


Synthesis of organic sulfur compounds. 
Synthetic organic reactions. 
Organic synthesis, solubilizing agents, 


fertilizer ingredients, plastics, stock 
food. 
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Beets 
Bluegrass 
Cabbage 
do. 
do. 
Carrots 
Celery 
Clover 
Clover 
Clover 
do. 
do. 
do. 
Clover 
Corn 
do. 
do. 
do. 
do, 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
Cotton 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
Cowpeas 
do. 
do. 
do. 
Grapes 
Lespedeza 
Mangles 
Oats 


(alsike 
(red) 


(sweet) 


do. 


Lint and seed 
do. 
do. 
do. 
do. 

Stalk, etc. 
do. 
do. 
do. 

Hay 

All 

Hay 

Grain 

Fruit 

Hay 

Roots 

Grain 
do. 
do. 
do. 
do. 

Straw 
do. 
do. 
do. 
do. 
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Plant nutrients removed by crops 
Compiled by A. C. Burr 
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crateg 
tons 
tons 
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tons 
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tons 
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tons 
tons 
ton 
tons 
tons 
tons 
tons 
bu. 
tons 
tons 
tons 
bu. 
bu. 
bu. 
bu. 
bu. 
tons 
tons 
tons 
tons 
tons 


1b. /ton 
lb./ton 


1b. /ou. 
lb. /bu. 
1b./bu. 
lb. /bu. 
lb. /ou. 
lb. /ton 
lb. /ton 
1b. /ton 


1b. /ton 
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1b. /ton 
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lb. /bu. 
lb. /bu. 
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lb. /ton 
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Nutrient removed 
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1b ./ton 


lb. /ton 
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10 


0.25 


30 
10 
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10 
0.67 


35 
10 


35 
0.22 
0.25 

8.8 

28 


28 


56 
19 


48 
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1b. /ton 
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ae 
Oranges 


Pea beans 


Peaches 
do. 


Spinach 
do. 


Sugar beets 


Sugar cane 


do. 


Sweet potatoes 


ee ee 


Stalks, stripped 
Leaves and tops 


Tuber 
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Yield Nutrient removed 


per acre | ON 


a 
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lv. /box 
lb. 


Uu. 
lb. /ou. 


1b. /ton 


lb. /ton 
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lb. /ou. 


lb. /ton 


lb. /ou. 
Lb. fou. 


lb. /ton 


1b. /ton 


lb. /bu. 
1b./ton 
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lb ./ton 


1b. /ton 


lb. /bu. 
lb. /bu. 
lb. /ton 


1b. /ton 
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1b. /box 
lb. /bu. 


lb. /ou. 


lb. /ton 
1b. /ton 


1b. fou. 
lb. /bu. 
lb. /bu. 


1b./ton 
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